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INTRODUCTION 


This.is the fifth of a series of annual err of technologic in- 
vestigations conducted by the Bureau of Mines on the occurrence, properties, 
mining, preparation, and uses of coal, The research of the Bureau is care— _ 
fully coordinated with the requirements of the producing and consuming in- 
dustries, with a view to conservation of resources of coal in mining and 
use, and conservation of the health and lives of workmen employed in these 
industries, Such coordination is facilitated by the wide range of special-= 
ization of the several gsrouns engeged in studies concerning coal. Here are 
reported correlated studies ranging from paleobotenic analysis of the forme- 
tion of coal as it occurred some millions of vears ago to the effect of, . 
mechanical methods of mininz on present-day employment in mines. 


As this is a summary of the current work of the Bureau of Mines, so 
the Bureau likewise has provided a condensed review of iy aaa 
current work of others on research and technology of coal. 
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PROPERTIES AND COMPCSITION OF AMERICAN COALS 


Inspection, Sampling, and Analysis 


Four coal-sampling trucks are operated in the United States. These 
carry equipment for crushing and quartering samples, and two have facilities 
for making screen analyses to determine the size of coal. Field sampling 
was directed princivally toward satisfying the need for analyses in con- 
nection with the awarding of contracts to sunply coal to agencies of the 
Government, 


Coal was inspected and samples collected at 8 mines in Ohio, 104 mines 
in Kentucky, 10 mines in Tennessee, 20 mines in West Virginia, 1 mine in 
Virginie, 4S mines in Indiana, 18 mines in Illinois, 12 mines in Kansas, 

1} mines in Missouri, 3 mines in Iowa, 1 mine in Oklahom, and at 11 bit- 
uminous coal-mines and 18 anthracite breakers in Pennsylvania. 


In a survey of coal lands of the Tennessee Valley samples were collected 
at one mine in Georgia and three mines in Tennessee; moreover, 196 face 
samples were collected from old test pits, drifts, and wagon mines in 
Georgia, Alabama, and Tennessee. 


In the investigation of subbituminous coal and lignite six mines in 
Wyoming were visited, and 8 samples of subbituminous coal were obtained for 
analysis and experimental study of physical and chemical properties: 3 
samples were obtained from Montana: and 29 samples were obtained for further 
studies in the Northern Colorado field. : 


The coal-analysis laboratory received and analyzed 13,058 samples during 
the year; 8,310 of these were related directly to the purchase and use of 
coal and coke by agencies of the Government and 4,748 were related to 
research of the Bureau of Mines on sampling, analysis, combustion, 
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carbonization, hydrogenation, and safety in mines. The work on safety in 

mines was especially active, and 3,047 samples were analyzed in connection 
with studies of the exnlosibility of dust in coal mines and the prevention 
of fires and explosions, . 


Properties of Coals of Oregon 


In cooperation with the State of Orezson Department of Geology an 
Minerel Industries coals currently mined in Oregon were investigated. 6/ 
Samples were obtained from the seven operating properties anc two prospects 
in the State. Eight of the coals are subbituminous, and one is lignite. 
None has coking properties. The coals of the Coos Bay field, which comprise 
most cf those studied, ere cheracterized by a high content of moisture, 
mocgerate ash, low sulfur, and heating values from 9,260 to 10,080 B.t.u. 
per pound as received, -Friability tests indicated that all of the coals 
are resistant to breaking during handling, but all will slack to some extent, 
and most of them are strongly slacking and therefore will not withstand 
storage during dry weather unless loss of moisture can be prevented. In low- 
temperature carbonization assays the char produced is a smokeless fuel of 
high quality; the products are 47 to 70 percent char, 6 to 11 percent gas 
with heating value from 450 to 730 B.t.w. ver cubic foot, 4 to 12 percent 
tar and oil, and 16 to 37 percent water. Tests of one of the coals showed 
that && percent or more of the moisture- and ash-free coal can be liquefied 
by hydrogenation. Burning tests with en overfeed domestic stoker in a hot- 
water boiler demonstrated that Coos Bay coals can be burned satisfactorily 
and witn high efficiency in‘equipment of this type. A washability study of 
one coal of high ash content showed that it has such a large proportion of 
associated impurities that washing is not feasible, 


Classification 


For several years, under the sponsorship of the American Society for 
Testing Materials, the Bureau of Mines has cooperated with other scientific 
institutions in the United States and Canada in the development of a standard 
classification of coal that would provide a common language for describing 
American coals. Such @ classification is of value for coordinating re=- 
search and testing work, vreparing purchase specifications, and settling 
disputes and litigation with respect to price fixing, transportation rates, 
and import duties. 


Although the classification has become standardized, £/ the Bureau of 
Mines from time to time has made tests or assisted in the standardization of 
tests to aid in the classification of torcerline coals and has studied the 
advisability of making susgested chanzes in the specifications for the clas- 
sification of various ranizs of coal. 


6/ Yancey, H. F., and Geer, M. R., Analyses end Cther Prorerties of Oregon 
Coals as Related to Their Utilization: Orezon Dept. Geol. and Min. Ind. 
Bull. 20, 1940, 33 pv. | 

American Society for Testing Materials, Standard Specifications for Clas- 
sification of Coal ty Rank, A.S.T.M. Designation D383-38: A.S.T.M. 
Standards, 1939, part III, Nonmetallic Materials - General, pp. 1-6. 

3/ Fieldner, A, C., Fourth Standandard Completes Classification of Coals: In- 

dustrial Standardization, vol. 10, December 1939, PRs 403-306: The Mis- 
oe Valley Lumberman, vol. 71, January 19,°1940, pp. 50-52. 
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Study of Borderline Between Lignitic 
and Subbituninous 0 Coals 


A suggestion has been mace that the boundary line between lignitic 
and subbituminous C coals in the Standard Specifications for Classification 
of Coals by Rank possibly should be raised from 8,300 to 8,500 3.t.u.e, as 
some of the Saskatchewan (Canada) coals that are believed to be lignitic 
are placed in the subbituminous C class according to analysis. Therefore, 
charts prepared several years ago by the Bureau of Mines in a study of 
classification were examined to determine whether the suggested change in 
poundary line would affect the classification of some of the coals of western 
United States. ‘The conclusions of this examination were that the change 
would not affect most coals but that there are certain fields in which the 
change would not be advisable according to present data. 


foisture Characteristics 


The specifications for classification of coal by rank specify that the 
lower~rank coals shall be classified according to B.t.ue. on the moist basis, 
that is, coal containing the natural bed moisture, Certain coals, in ad- 
dition to the natural bed noisture, show visible surface moisture caused by 
infiltration of underground water to the coal bed; others, when sampled, 
may contain less than the true bed moisture owing to evaporation of this 
moisture in dry, well-ventilated mines. To determine the true bed moisture 
of those coals that appeared either too wet or too dry Stansfield and 
Gilbart, of the Research Council of Alberta, in their studies of the moisture 
characteristics of coal have devised a test to determine the moisture- 
holding capacity of coal at 100 percent humidity, which is assumed to be equal 
to the bed moisture of the coal. 


The Bureau of Mines, in cooperation vith the Canadian Bureau of Mines, 
is studying this test and as the first step in the investigation is determin- 
ing how well the two laboratories can check the moisture values obtained 
on the same coal by this method. In the tests that have been completed good 
check results have been obtained, which indicate that the method will give 
results that can be duplicated readily. 


Slacking Characteristics 


Low~rank coals of the lignitic and subbituminous class have a pronounced 
tendency to disintegrate or "slack" when alternately dried and wetted by 
exposure to the weather, This troublesome property causes the coarser sizes 
to break into an excessive amount of fine material with consequent decrease 
in value for most combustion purposes. Aside from this, coals that slack 
in storage ignite spontaneously because of the greater surface exposed to 
oxidation. In the classification of coal the slacking characteristic is 
sometimes the only property that will determine whether a particular coal 
ls to be classified as bituminous or suobituminous. 


The slacking tendencies of coals can be msacured by an accelerated 
laboratory test developed dy the Bureau of Mines. In this method the coal 
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im alternately dried and wetted, and the amount of disintegration is measured 
by determining the proportion passing through a sieve with one~quarter-—inch 
square openings. During this year the slacking test was made on five samples 
from Washington, two from Oregon, one from Now Mexico, and one from western 
Kentucky in connection with the classification of these coals and the rela- 
tion of physical and chemical properties to utilization. 


Determination of Ash of Coals High in Calcite and Prrite 


Cooperative tests were commleted by the Bureau of Mines and the Illinois 
Geological Survey on the determination of ash of five coals high in calcite 
and pyrite. Appreciabdle amounts of calcite and pyrite in a coal cause dif- 
ficulties in making satisfactory check determinations of ash because varying 
amounts of sulfur, devending on the rate of heating, are retained as calcium 
sulfete in the ash. Ash wes determined by the following methods, which 
comply with the A.S.1.M. standard method of determining ash of coal and colce: 
(1) Rapid heating of the sample on the hearth of a hot furnace to expel 
volatile mtter, then et 750°C. to constant weight, (2) slow heating by 
starting in a cold furnace and heating to 750°C. in 2 hours, (3) slow heating 
by starting in a cold furnace and heating to 400°C. in one~half hour, a 
further half hour at 400°C., and then transferring the sample to another 
furnace previously heated to 750°C. Reference determinations were made by 
Parr's sulfated~ash procedure, whereby all of the calcite is converted to 
calcium sulfate and a correction anplied from the percentage of carbon 
dioxide in the coal, 


Results obtained by the two laboratories agree closely when the de- 
termination is started in a cold furnace and the ash heated to 750°C. in 2 
hours, then to constant weight. By this procedure much of the sulfur of the 
pyrite is oxidized and expelled before the calcite is decomposed, less sulfur 
is retained as calcium sulfate ty the ash, and a lower percentage of ash is 
indicated. The method using two furnaces also gives satisfactory results. 
The rapid-heating method, in which determination of ash is begun in a hot 
furnace, indicates higher ash contents for coals high in calcite because 
much of the sulfur is fixed in the ash. 


The tests also show that determinations of ash begun in a cold furnace 
and heated to 750°C. in 2 hours, and results by Parr's sulfated-ash procedure, 
check within 0.5 percent for coals that contain up to 3.6 percent carbon 
dioxide, This check result is within the tolerance of the American Society 
for Testing Materials for the determination by different laboratories of 
ash of coals containing carvonates. The method beginning in a hot furnace, 
by a similar comparison, gives results within the 0.5-percent tolerance only 
for coals containing less than 0.5 percent carbon dioxide. 


Crucible Swelling Test 


Tests during the previous year showed that swelling of the coal in the 
crucible test of the British Standards Institution bears no relationship 
to the amount of expansion of the same coal in an experimental coke oven 
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but promises to be a useful indicator of the caking cf coals when burned 

on grates; therefore a study of this method of test has been continued by 
Committee D-5 of the Anericen Society for Testing Materials. As one step 

in this study several latoretories, including the Burecu of Mines, made 
cooperative tests to determine how well the swelling number of the same | 
sample of coal can be checzed. The results showed that various laboratories 
can check the swelling index closely if the instructions as to the tyne, size, 
and location of the gas burner used to heat the crucible are followed closely. 


COAL MININ 
Zxverimental Coal Mine 


Bearing Streneth and Conrressibility of Fillars 


A paper was published sumarizing work on square pillars comprising 9/ 
the entire heicht of the Pittsourgh ccal bed in the Experimental coal mine. 


ee 
For these pillars it was found that S = k WR, in which S = crushing | 
strength of the coal in pounds per square inch, k = a constant, and R = ratio 
of lateral dimension to height of pillar. For the pillars tested k = 695. 
The same form of mathematical exoression was found to hold also in tests of 
four pillars, the height of which was one-half that of the coal bed (lower 
half of the bed), but for this reduced height the value of k was increased 
to 915, 


Movement of Mino Roof and Surface Subsidence 


During the year this investigation was extended to the Gibson mine of 
the Hillman Coal & Coke Co.lQ/ The roof strata over this mine are not as 
massive as those over mines studied previously, and najor breaks over worked- 
out areas are obtained more easily. There was no evidence of undue conver- 
gence of roof and floor or of excessive weight on pillars along rib lines 
that were kept uniform. Signiticant convergence was then confined toa 
narrow belt not more than 70 feet wide adjacent to the goaf area. However, 
wnen rib lines became irresular, pillars projecting into the goaf were 
heavily loaded, as evidenced oy excessive convergence. 


The underground area studied was beneath a steeply sloping hillside, 
and retreat of tne pillar line was in an uphill direction. Vertical subd- 
sidence of the surface vas approximately onc-half of the thickness of the 
bed mined and was aecompanied initially by lateral movement of as much as 1 


ma © 


Greenwald, H. P., Howarth, H. 0., aad Nartrann, lrving, Experiments on 
the Streneth of Small Fillers of Coal in the Fittsbursh Bed: Bureau of 
Mines Tech. Paper 695, 1939, 22 rp. | ; 

10/Maize, BE. R., Thomas, Edward, and Greenwald, H, P., Studies of Roof 

Movement in Coal Mines. 3. Gibson Mine of the Willmen Coal & Coke Co: 

Bureau of Mines Rept. of Investisations 3505, 1540, 9 pp. 
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foot down the hill. Long, gaping cracks developed on the surface. Later 
the lateral movement reversed and in some instanceScontinued beyond the 
initial location of the point. Uneven subsidence, coupled with lateral 
movements of this character, are highly destructive to improvements on the 
surface. The land here is undeveloped, and the only damage of importance 
was to a gas line that crosses the property. Some idea of the forces in- 
volved in these movements may be gathered from figure 1, a photograph of a 
tree on the line of one of the cracks. The tree was split cleanly into 
halves, 


Exnlosibility of Dusts 


During the year 94 samples were received for determination of the ex- 
plosion hazard that might accompany their presence in industry. A large 
majority comprised coal-mine dusts from Pennsylvania, West Virginia, Colorado, 
and Oklahoma, Miscellaneous dusts included zine and urea formaldehyde resins. 


A comparison of the results of large-scale tests made in the United 
States and Great Britainll/ indicates that tests with equipment adopted as 
standard in one country cannot always be duplicated with different equipment 
used elsewhere, and that the data obtained in tests tn the Experimental Coal 
Mine carry with them a reasonable factor of safety when applied to commercial 
mining operations. 


Dusts of Low-volatile Coals 


Occurrence during the year of two major explosion disasters caused 
renewed interest in the results of explosion tests of coal dust made in the 
Experimental coal mine previously. The relative exnlosibility of_cgals low 
in volatile-matter content was the subject of particular inquiry. 


. Tnese coals contain & to 31 percent volatile matter on the dry, mineral- 
matterfree basis of analysis: in the classification of coal by rank they 

are designated semianthracite, low-volatile bituminous, and medium-volatile 
bituminous. On the »asis of studies T3ay° in the laroratory and Experimental 
Coal Mine on 22 samnles of mine dustsiJ/ within this range of analysis from 
Alabama, Pennsylvania, Virginia, West Virginia, and Canada and 57 explosion 
disasters in low-volatile-coal mines in which 1,829 lives were lost between 
1684 and 1938, it is concluded that all such mines should be rock-dusted as 
thoroughly as though the coal were of relatively high volatile-matter content. 


li/ Greenwald, H. P., Notes on Large-scale Tests of the E:plosibility of 
Coal Dusts Made in the United States and Great Britain: Bureau of Mines 
Rept. of Investigations 3462, 1939, 9 pv. 

12/ Greenwald, H. P., Explosibility of Senianthracite, Low-volatile Bitumin- 
ous Coals and Mediumvolatile Bituminous-coal Dusts: Bureau of Mines 
Rept. of Investigations 3489, 1940, 11 up. 

13/ "Mine dust" describes a ranze of size such that 100 vercent will pass 

through a 2O-mesh sieve and 20 percent throuch a 200=—=mesh sieve. This 

is a fair average of the most common sizes in onerating mines: some 
finer dusts are found, particularly where friable coals are mined. 
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Pulverized Fuel Pitches 


An extended investigation of the inflamnability and exnlosibility of 
pulverized fuel and other pitches produced from coal tar, water-gas tar, 
and petroleum was completed. Large-scale tests of the explosibility of 
coal-tar end water-zas tar pitches conducted in the Experimental coal mine 
were reported last year. Turing the present year a i poratory study was 
made of the inflammabdility of 16 different pitches. The volatile—-matter 
content of these pitches ranged from 45 to 71 percent and the softening 
temperatures from 200° to 356° F. All the pitches were more inflammable 
than Pittsburgh coal dust of ecual size. With the method of test used it 
was necessary to have 60 cercent inert dust in a mixture with Pittsburgh 
coal dust to prevent inflammation, whereas with the pitch dust it was neces- 
sary to have 65 to 88 percent, the vercentage increasing regularly with the 
volatile content of the pitch. | 


Tests were made to determine the reduction in oxygen content of the 
atmosphere required to prevent imition of the pure pitch dusts, The maxima 
allowable percentage of oxygen was 12.5 for petroleum pitches, 15 to 17.5 
for coal-tar and water-gas-tar pitches (depending on composition), and 17.5 
for ordinary pulvcrized Pittsburgh coal dust. With an esecially fine coal 
dust the maximum content of oxygen allowable was 15.5 nercent. 


All the pitches were ignited readily by sources of ignition that are 
found in industrial cstablishmcnis, suchas a glow coil froma radiant 
heater, a red-hot iron bar, a gas flame, the glowing filament of a broken 
clectric lamp, and the flame of a common safety match. Figure 2 (see p. ) 
shows the flame resulting from projection of a cloud of 2 pounds of pulverized 
coal-tar pitch onto a 600-watt electric glow coil. 


Despite greater inflammabdility the precautions necessary to prevent ex- 
piosions of fuel~pitch dusts in industry are no different from those that 
have been developed for vrevention of exolosions of coal dust. These pre- 
cautions are embodied in a Bafety Code for the Installation of Pulverized— 
fuel Systems approved by the American Standards Association as an American 
stancard on September 5, 1930. 


Prevention of Explosions of Coal Dust ty Rock Dusting 


Research end experience have shown that. maintenance of an adequate 
amount of rock dust in all underground openings (whether gassy or not) of 
bituminous and subbituminous coal and lignite mines (anthracite dust does 
not propagate explosions) is the best way to prevent explosions of coal 
dust. In rare instances, wnere all fine narticles of coal on the floor, 
ribs, roof, and timbers are in a muddy condition continuously, rock dusting 


ey, Fartmann, Irving, Howarth, H. C., and Greenwald, H. P., Characteristics 


of Fuel Pitches and Their Exolosibility in Pulverized Form: Bureau of 
Mines Tech, Paper 617, 1940, 46 pp. 
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is not necessary. Tne requirerents for eceg sce rqck dusting have been 
described in a decision cf the Mine Safety Boerd. 12 


A review of current practice in the oprlication of rock dust to stop 

or limit explosions of coal dust shows that in nines where good practice is 

llowed the cost of anvlying limestone os synsun dust is 0.89 cent per ton. 
of coal mined, or 2.29 cents per linear foot of entry. Probably less than 
190 of 6,000 bituminous~ and lignitic~-coal mines are adequately rock-dusted. 
In spite of the inadequacy of State laws in this respect, during tne past 
years rock dust is credited with having stopped or linited explosions in 26 
of 60 partly rock-dusted Piaoa 10) te state laws with respect to rock-dust- 
ing and watering are reviewed. The effectiveness or the program for »re- 
venting exnlosion disasters is indicated oy the fact that the number of , 
deatns from major explosions in the coal mines of the United States decreased 
from an average of 77 per year ed a period 1505-1910 to an averace of 1g 
per year for the period 193 3=1938,2 


Determination of Incombustiole Content cf Coal-mine Dusts 


Directions for sempling coal~mine Custs in rockedusted mines and 
directions for using the Bureau of Mines volwuneter method of devermining in- 
combustible content of the mine ists were brought together in one puolica- 
tion.L/ It is desirable that this information de readily availetle because 
periodic samplings and analysis of mine dusts is recommended for the control 
o* rock-dusting in coal mines. The volumeter method of analyzing coal-mine 
dust is rapid, is accurate enovzn for the control of roc:-custing, and 
rocuires no more than ordinary still for oseration; the avraretus can be 
assembled into a portadle outtit. 


Salt as a Substitute for Rock Dust in the Prevention of Dist Exlosions in 
Cnal Mines 


For some years the Safety in Mines Resenrch Board of Great Britain has 
been searchinz for mterials more efrective than rock dust in preventing 
propagation of coal-cust e:mlosions in mines. Amonz the mterials tested 
was common salt, and the Board's tests indicated tant it was 5 to 10 times 
as effective as limestone. Tnis result was so remarkable that it appeared 
desiracole to check it by a series of large-scale tests in the Bureau's 
Experimental Coal Mine. These tests hive beon comoletec and corroborate the 
British fincings qualitativel: but not quantitat bively. When salt wes used 
in admixture with limestone and coal dust in increments of 5 percent, the 
first increment was approximately six times as effective as limestone, but 
the relative erfoctivenecs of the second increment was only 3.5, that of the 
third was 2.5, and that of the fourth and fitth was oniy e. 


15/ Mine Safety Board, Mine Safety Board Decision 3c (Superseding ifine 
Safety Board Decision 5), Prevention of Corl-Just Explosions oy Rock 
Dusting: Bureau of Mines Inf, Cire. 7109, 1549, 3 mo. 

16/ Forves, J. J., Methods of Bock-custing Anerican Corl Mines: Eurean of 
Mines Rept. of Investigations 5465; 1935, 22 pn. 

17/ Farrinzton, D., Formation, Collection, and Treatmert of Coal Dust in 
Mines: Bureau of Mines Inf. Circe. 7089, 1925, 11 pp. 

is/ Owings, C. W., Selvig, W. A., and Greenwald, H. P., Methods of Sampling 
and Analyzing Coal~Mine Dusts for Incom>ustid ontent: Bureau of 
Mines Inf. Circ. 7113, 1540, 12 pp. 
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The salt used in these tasts was a chean grade, as more expensive 
purified salt cannot conpete in cost with rock dust now on the market. 
When ground to requisite fineness the cheap salt was hygroscopic in atmos-— 
pheres of high hunidity. Leboratory tests were mado to cetermine the amount 
of moisture adsorbed ty mixtures of salt, limestone, and coal dust contain- 
ing different provortions of salt; these mixtures were exposed in an atmos- 
phere having temperature and humidity in the range found in many American 
coal mines. The test was continued 13 days, and it was found that es little 
as 5 percent salt ina mixture caused it to absort enough moisture in that 
time to destroy its effectiveness as dry dust. Also, over the latter part 
of the test veriod adsorption was at uniform rates in all tests, and there 
was no indication that it would coase in a reusonable time. 


Salt cannot be recommended as a subdstitute for rock dust unless it is 
purified or otherwise treated to remove all hygroscopicity when the humidity 
is 95 to 98 percent at 50° to G0°F, Coal dust and commonly used rock dusts 
are not hygroscopic under these conditions. It must be determined, also, 
that salt can be distributed by mcdern rock-dusting machinery and that it 
will adhere to roof and ribs as does rock dust. One other point unfavorable 
to salt is that mixtures in which it was substituted for limestone were con- 
sideraply darker and reflected illumination much less than did mixtures of 
limestone and coal dust.l 


Wetting Agents for Coal~mine Dusts 


Mechanization of coal mininz has aggravated the problem of control of 
coal dust near working faces, and questions have teen asked as to means of 
wetting dust more cuickly end thorovuzhly than can be done by use of water 
alone. Addition of small quentities of any one of a number of wetting agents 
to the water will accom lish this, but too little is known as yet to justify 
a statement concerning the relative advantages of the various wetting agents. 


Present knowledge of the sudject has ben summarized, £0 
Demonstrations 


Two large-scale demonstrations of the explosibility of coal dust were 
made at the Experimental Coal Mine. Attendance at these was about 210. 


Other Services 


The Experimental Coal Mine was of service in the following ways: (1) 
Furnished materials for and assisted with field demonstrations of the ex- 
plosibility of coal cust conducted at four places in Pennsylvania and two 
places in West Virginia; (2) prepared coal dust for use in tests of ex- 
plosives; (3) prepared places in the mine used in mking motion pictures 
on safe practices; and (') prepared places in the mine for tests of cap 
lamp reflectors and of warnins devices for explosive gas. 


13/ Greenwald, FE. P., Howarth, H. C., and Zartmann, Irving, Tests of Salt 
as a Sutstitute for Rock Dust in the Prevention of Coal-Dust Explo- 
sions in Mines: Bureau of Mines Rept. of Investigations 3529, 1940, 


Lopo. 3 

20/ Hartmann, Irving, and Greenwald, H. P., Use of Wetting Agents for Al- 
oeee Goal Dust in Mines: Bureau of Mines Int. ‘Cire. 71525 idho, 

PPe 
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Underground Transportation of Coal 


Where physical concitions in mines favor tne installation of mechanical 
loading devices, one of the most important requirements for efficient opera~ 
tion is an adequate transportation system and suvply cars. Rail transporta- 
tion systems have been studied and analyzed at eight mines.cl/ The founda- 
tion of a rail-haulage system is well-constructed track nroperly maintained. 
The study will be continued to include other means of transporting coal 
underground. Pt 


Diesel Locomotives 


Tests of Diesel engines have shown (1) that ventilation mst be pro- 
vided if the exhaust gases from Diesel ensines are discharged in underground 
working places; (2) that, because of their toxicity, carbon dioxide, carbon 
monoxide, oxides of nitrogen, and oxides of sulfur (if the fuel contains 
sulfur) in the exhaust are the most significant constituents in relation to 
vontilation; and (3) that Diesel engines in underground service should not 
be cperated at fuel-air ratios on the rich side because under these ae 
the exhaust contains high concentrations of carbon monoxide and soot.s& 

At present Diesel locomotives are not used in American coal mines, tut under 
certain conditions they will afford economical haulage if it is found that 
they can be used with safety. The fact thet they are used abroad does not 
justify the assumption that they can be used safely in the United States, as 
conditions in this country recuire larger engines than are used elsewhere. 


Through the courtesy of the Institut National des Mines the Bureau of 
Mines was enabled to publish a statement on experience in the use of Diesel 
locomotives in gassy mines in Beleium.23/ The use of Diesel locomotives has 
been increasing rapidly. Seventeen tynes have been tested at the Institut. 
The tests included studies of the operation of locomotives in inflammable 
atmospheres; of the exhaust gases vroduced under various operating conditions; 
of the nossibility of back-firing; of the starting facilities; ond of other 
relevant questions. 


el/ Toenges, A. L., and Jones, F. A., Underground Transvortation of Coal. 

Peres Report 1: Bureau of Mines Rept. of Investigations 3519, 1940, 
C pp. 

22/ Holtz, John C., Berger, L. 3., Elliott, M. 4., ané Schrenk, H. H., 
Diesel Engines Underzround. 1. Cormositicn of Exhaust Gas from Engines 
in Proper Mechanical Condition: Bureau of Mines Rent. of Investiga- 
tions 3508, 1940, US pp. 

Roltz, John C., and Hlliott, M. A., The Significance of Diesel-Exhaust- 
Gas Analysiss Presented before Fational Conference of the Oil and Gas 
Power Division of the Am. Soc. Mech. Eng. at Asbury Park, ¥. J., 

June 19-22, 1940, | 

23/ Breyre, Ad., and Friviat, J,, Diesel Locomotives in Gassy Mine Workings 

of Belgium: Bureau of Mines Rept. of Investigations 3527, 1940, 17 pp. 
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Mechanigation of Coal Mining 


In cooperation with the Work Frojects Administration, National Research 
Project on Re2mploynent O»portunities and Recent Changes in Industrial 
Techniques, @ report was prepared on the mechanization of coal mining. 2t/ 
The major chanre discussed is mechanization of the process of loading coal 
in mires. The mechanization of loading utilized previous improvements in 
explosives, undercutting of the bed, and hauling, nolisting, ventilation, 
screening, and washing, end in turn stimuleted improvements in hauling, cut- 
ting, driltirz, shooting, and mechanical cleaning of coal. 


A description of resource conditions shows that the average depth of 
cover of uncerground mines is 321 feet; the average thickness of beds mined 
is more than 5 feet; the averare dip of beds mined is 2,49° , and 65 percent 
of the coal is mined in beds that div less than £° and 65 percent of the 
coal mined underground (that is, excluding strip mines) is from slope or 
drift mines. The develonment of strip minins, a result of special resource. 
conditions, is described, However, as only 7 percent of the total bituminous 
coal mined in the country in 1937 came from strin mines, study of mechaniza- 
tion is focused upon developments in underground Mine Se 


Insvection of Electrical ifinins Ecuipment 


One of the functions of the Rureau of Mires is to determine wnether 
the construction of electrical ecuinment for mines is such as to minimize 
hazards connected with oneration underground. The hazards to be considered 
are shock and ignition of vas and coal Soak by sparks and flashes.2u/ 
Definite standards have beon estatlished as a basis for judging safety of 
electrical eoulpments: tcse acc Imown as schedules and are the result of long 
experience and study in mines apd in the laboratory. The schedule for electric 
can lamms wes revised in 1639 26] 


When equipment passes the prescribed lusnections and tests it is 
formally aoproved as permissible for use in gassy mines, and the manu- 
facturer is then rermitted to mark it with an approval plate that identifies 
it as having been anrproved by the Bureau. Lists of permissible equipment are 
putlished annvally.é For the information of mine inspectors, manufacturers, 


Hotchkiss, W. E., Tryon, F. G., Warner, C. K., Flein, L. N., Dake, 
W. M., Anderson, R. L., Gallagher, J. J., and Schoenfeld, M. d., mecne 
anization, Employment, and gee Per Man in Bituminous-coal Mining 
Work Projects Administration, National Research Project, and Paper cnet 
of the Interior, Bureau of Hines. 2 vole, 1935, 426 pp. 

25/ Ilsley, L. C., Investigation of Electrical Equipment, Safety Lamps, and 

Gas Detectors for Saretyv: Bureau of Lines Inf. Circ. 7057, 1939, 13 pp. 

26/ Bureau of Mines, Permissible Electric Cap Lamps — Procedure in Testing: 

Fees Charged: and Pecuirements for Aprroval: Sched. 6D, anproved 
August 26, 1939, 7 pre 
27/ Ilsley, L. C., List of Permissible Hin 
1 


ipnent Anoroved to January l, 
1903; Bureau of Mines Inf. Cire. 7 


ne Ecu 
10, 1940, 27 PD. 
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and others interested in safety, publications describing permissible equip- 
ment are distributed; thus, a manufacturer wishing to obtain approval of a 
pump would be able to obtain valuable information from the new paper dealing 
with pumps.28 a | 


inspection of Mechanical Mining Equipment 


Safety and economy in the use of hoisting rope are based upon good 
desig of hoisting system, intelligent maintenance, thorough inspection, 
accurate records, judicial interpretation of inspections in relation to . 
records, and emphasis on safety rather than maximum period of use of rapes ce) 
Samples of discarded hoisting ropes are being collected for testing and study. 


Testing of Exolosives for Coal Mines 


The Explosives Division made physical tests, analyses, and other 
chemical tests of explosives and blasting devices to estadlish their per» 
missibility for use in coal mines. The performance requirements, prescribed 
conditions of use, and fees for testing explosives and blasting devices 
are presented in Schedule 1c. 30/ Complete lists of permissible explosives 
and blasting devices are published annvally.2+/ On June 70, 1940, the lists 
contained the brand names of 195 permissible explosives and nine permissible 
blasting devices. On June 30, 1939, the corresponding lists showed 186 per- 
missible explosives and nine permissible blasting devices. The Sureau re-~ 
gards these explosives and blasting devices as safe for use in coal mines 
under certain prescribed conditions, 


Cushioned Blasting 


Cushioned blasting is designed to save the energy usually lost in ex- 
cessive shattering and in this way to effect economies and to produce greater 
proportions of desirable lump coal. A review of developments in cushioned 
blasting, together with results cf orienting gallery tests, emphasizes the 
need for experimental studies of the methods recommended, that is, the use 
of stemming devices, if they are to be applied safely. 32! The sallery tests 
disclosed, among other facts, marked effects on the risk of ignition of fire- 
damp by blown-out shots caused by two devices proposed for use as stemming. 


28/ Ilsley, L. C., Gleim, BE, J., and Brunot, H. B., Permissible Electrically 
Operated Pumps: Bureau of Mines Rent, of Investigations 3497, 1940, 
a4 PVe 

29/ Ilsley, L. C., and Mosier, McHenry, Inspection and Maintenance of Mine 
Hoisting Ropes: Bureau sf iines Tech, Paper 602, 1939, 27 pn. 

30/ Bureau of Mines, Procedure for Applying for Tests Made on All Explosives 
and Blasting Devices by the Explosives Division of the Bureau of Mines - 
Prescribed Conditions and Recuirements for Permissibility When Used in 
Coal Mines and Schedule of Fees for the Tests: Sched. 10, 1939, 13 pp. 

31/ Tiffany, J. B., and Gaugler, Z. C., Active List of Permissible Explosives 
and Blasting Devices Approved Prior to June 30, 1939: Bureau of Mines 
Rept. of Investigations. 3471, 1939, 25 vpe | 

32/ Denucs, A. R. T., Cushioned Blasting. 1, Orienting Studies: Bureau of 
Mines "Rept. of BaUeetseatAooe 3510, 1940, 23 pn. | 
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ITenition of Firedenmp by Exlosives 


Continuing the study of the isitins action of the various emissions 
from a detonating. explosive, a reportz2/ prepared for presentation to the 
Fifth International Conference of Directors of Mine Safety Research, later 
postponed, indicates that the conditions governing the distribution or energy 
from the hot gases end perhaps the shock waves of the mixture of firedamp and 
air is probably more important than the energy commmnicated to that mixture 
by the incendive particles, and that hydrodynamic conditions of flow and 
mixing Oy ee some of the anomalies noted in gallery tests. 

Another report for the seme conference sucgested the hypothesis that the 
{enition hazard 1s produced ty the projection of solid particles from the 
explosive into the mixture of firecamn and air, giving rise to a fold or 
pocket type of contact he ee ies geseous products of detonation and the 
mixture of firedany and air. The hynothesis was developed to explain the 
varied results found by ciffercat workers toth for torchole shots and the 
detonation of freely suspenced cartridses, 


Through the courtesy of the Comite’ Central des Eouilléres the Bureau 
was erabdled to publish a descrivtion of exneriments conducted in Prance.20/ 
Avplication of the methods described to dDalance mixtures of gelatinized 
nitroglycerin, ammonium nitrate, wood puln, and inert salt. (sodium and 
potassium chloride) has led tothe develonuent of exolosives that, when 
fired in a shot hole, have no eZZect on gaseous mixtures still are strong 
enouth to be practical, ) 


Methods for Determining Poisonous Case Gases from Exmlosives 


Factors that affect testing-station results have boeen studied and the 
oxygen valances of inéustrial explosives (necessary for continued research) 
have been determined, Exneriients gave nitrogen balances that agree within 
approximately 3 nercent ana indicate tint the nitrocen balance is the only 
satisfactory check on the results when only the gascous vroducts are con- 
sidered, It is indicated that the oxyzen talance is arfected by mterials 
in the detonator and that the carbon belence is BE TeetCs oy absorption of 
carbon dioxide by allaline residue from the oxplosivesz 


Transportation of Explosives 


The construction and use of rusged, nonconducting_ ars to transport ex- 
plosives in mines are recommendec to increase safety. 


Gerhard, S. L., Holtz, J. C., and duff, Wilvert J., Recent Resoarch by 
the Bureau of Mines on oe Imnition of Firedamp bj: Explosives: Bureau 
of Mines Rept. of Investizations 346%, 1939, 12 pn. : 

3u4/ Lewis, Bernard, and von Bite, Guenther, Ignition of Firedamp by Ex- 
| plosives: Bureau of Mines Rent. of Investisations 3463, 1939, 11 po. 
35/ Avdivert, E., An Experimental Study of the Imnition of Firedamp-Air 

Mixtures ty Exnlosives: Bureau of Mines Rent. of Investigations 3518, 
190, 6 vp. ee | 
36/ Holtz, John 0C., Gaseous Products from E:mlosives. 1. Some Factors Af- 
sea Test Results: Bureau of ‘iines Rept. of Investigations 3507, 
1940, 14 PR: _ > ; 
onan Cc. W., Cars for Trans spor 


ng Explosives: Bureau of Mines ft. 
re. 7115, 1940, 6 rs - (79 
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Ventilation of Mines 


An initial series of tests on fan-pine ventilation was completed, and 
the results are embodied ina report38/ about to be pudlished. It was found 
that the changes in velocity cnd distribution of velocity with distance from 
discharge follow definite laws by the aid of which the desion of such lines 
can be put on a technical basis that should result in improvement of this 
type of ventilation. 


Means provided to control temmerature of ventilating air have been in- 
stalled at a number of mines to reduce expansion and contraction of roof 
due to changes of temperature and thereby to reduce or eliminate falls of 
roof. Air washers or coolers installed at five bituminous coal mines are 
described in a recent puclication. | 


Resniratory Protective Devices 


To promote the development of safe, satisfactory, and reliable respiratory 
protective devices the Bureau has established schedules of minimum reyuire~ 
ments for oxygen breathing apparatus, gas masks, sunplied~air respirators 
(hose masks, airline respirators, and abrasive blasting helmets, hoods, or 
masks), and mechanical filter respirators. Manufacturers my submit such 
equipment to the Bureau for aimrovel under the recuirements of these schedules. 
The requirements, methods of testing, and desig anc operating vrinciples of 
approved ecuipment have been descrived. to/ 


Fires in Anthracite Mines 


Laboratory work was Bits inued on the causes, benavior, and control of 
fires in anthracite mines. —4 The amount of oxidation or heating that, takes 
place in stored coal can be estimated from the analysis of anthracite.— 

It has been discovered that in some mines there are bacteria tnat have the 
property of oxidizing carson monoxide and hydrogen to carvon dioxide and 
water vapor. In view of the fact that these gases and tnueir relationships 
with other gases in the atmosphere created by fires in mines rave been used 
in the past to determine when fires have been extinguished and to estimate 
the activity of fires in mines it is important that the presence or absence 
of such bacteria be known before an estimte is made of the status of fires. 


McElroy, G. E., Air Flow at Discharge of Fan Pipe Lines in Mines. Part l. 
LO-inch Line in Development End: Bureau of Mines Rept. of Investigations 
3531, 1940, 14 vn. | 
39/ Herbert, C. A., Cooling Mine Air During Summer Months to Prevent Roof 
Falls: Bureau of Mines Inf. Circ. 7098, 1940, 14 pp. 

4o/ Schrenk, H. H., Testing and Design of Respiratory Protective Devices: 
Bureau of Mines Inf. Circ. 7086, 1939, 11 pp. 

u1/ Jones, G. W., and Scott, G. S., Chemical Considerations Relating to Fires 
in Anthracite Refuse: Bureau of Mines Rept. of Investigations 3463, 
1939, 13 pp. | 

4o/ Scott, G. S., and Jones, G. W., Phenomena Observed During the Prolonged 
Oxidation of Anthracite: Bureau of Mines Rept. of Investigations 3504, 

43/ Jones, G W., and Scott, G. S., Oxidation of Carbon ionoxide and Hydro- 
gen by Bacteria: Bureau of Mines Rept. of Investigations 3465, 1939, 
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Frequent insrections of surface waste piles and recording of subsur- 
face temperetures with analyzing of the gases from a few feat dvelow the 
surface have value ia vreventirg the firing of refuse bans or in discovering 
incinient fires. These data can and snoulec be obttainei by driliing holes a 
few feet in depth wierever evidence of heating is noted, ay for example, 
by the presence of steam or smoxe or the nelting of snow it} 


PREPARATION OF COAL 
Coal-washing Problems in Alabama 


The washability of renresentative samples of coal from the nits ie and ‘the 
Pratt coel teds in the vicinity of Gorgas, Ala., hts deen studiec. 5 These 
studies are based principally uoon screen sizing and sink-and-float fractiona- 
tions mde in the laboratory. They indicate that che America coal can be 
washed efficiently to reduce the esh from 16.8 to 9.1 percent, moisture-—fre:e, 
aid the ash of the Pratt coal can be reduced from 10.3 to 7.6 percent, 
moistura-free. The Pratt and the America beds are mined extensively near 
Birmingnam but have not been ceveloped extensively near Gorgas to the norvh- 
west. It is evident thet the cleaning of the America- and the Pratt—bed 
coals will be mich nore difficult near Gorgas than in the proxinit; of 
Birmingham, 


Drainage Characteristics 


In the study of the factors that influence ths drainage of Alabam 
coals after washing a laboratory drainage test has been developed from which 
rairly accurate predictions can be made as to the amount and rate of drainace 
tuat may te expected. The results of the laboratory tests with actual 
railroad~car drainage have been correlated by exmerinental work at the mirxes 
during the loacing period and by samling curing unloading of railroad cars. 
The laboratory tests have oecn made cn a number of sammles of washed coal 
from aifferent beds in the Warrior and Oaheta ficlds of Alabama. They show 
that relative surface is the nrincinal factor that determines the rate of 
drainage, The only other factor of any consideravle importance is distribu 
tion of sizes. 


Flotation of Coal 


The study of methods to recover coal from slurry at coal-cleaning plants 
ln Alabama has resulted in the installation of a pilot flotation plant that 
is treating about 150 gallons of slurry a minvte. The wet system of coal 
cleaning used in Alaoama recuires thet a considerable amount of water be 
removed from the washeries continuously anc wasted to prevent the solids fron 
accumulating in the circulating water to such an extent as to interfere with 
tae cleaning operation. The water or "slurry" thus removed carries in sus- 
pension solids consisting mainly of fine coal with an acnixture of varying 
amounts of clay and other imurities. 


seLitch, R. D., Some Information on Extinguishing an Anthracite Refuse~ban 

Fire near, Mahanoy Citz;, Paes: Bureau of Mines Inf. Circ. 7104, 1940, i6 po. 

45 / Gendrud, 3. W., and Coe, G D., Washability Studies of the America and 
Pratt Coal Beds at Gorgas, Ala.: Bureau of Mines Rept. of Investigations 
SHS 2959, 12 Ep. 
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The work is still in the experimental stage until it can be determined 
whether or not the recovered coal cen be added to the washed slack without 
detrimental effects. The effect it may have on both coking coal and steam 
coal mist be considered, as nart of the slack coal is shipned to bdrrproduct 
plants and the remainder to nower vlants. 


The coal recovered by the pilot plant differs from the other coal, not 
only in fineness but in chemical characteristics as well, owing to its ab~ 
normally high content of fusain ~ approximately 50 percent of the total 
product recovered in the flotation plant. This segregation results from the 
crumbly nature of the fusain. The effect of adding this hign-rusain product 
to the coking coal can be determined only ty actual tests in ovens. In 
steam coal it is probable that it will retard the drainajze of the slack in 
railroad cars during transit, thus affecting slightly the moisture content 
of the delivered coal. Actual ticsts in stean plants will be necessary to 
determine whether the addition of tne fine flotation product to the steam 
coal will increase clinkering. 


Flocgulation as an Aid in the Clarification of Soal-washery Water 


7 The water, fine coal, and inmurities ordinarily are renoved from the 
water used for washing ty means of settling tanks. Settling and claseifica- 
tion may be hastened markedly (thereby greatly increasing the capacity of 
clarification equipment) by the addition of substances to the washery water 
that cause the fine particles ait usvension to agglomerate and thus settle 
more rapidly. An investigetiontO showed that starchy materials, such as 
potato starch, wheat flour, and cornstarches, are effective as flocculants 
of coal tut usually shows short range of reagent concentration in which they 
have maximum effectiveness, Electrolytes are effective floccuiants over a 
wider range, but the concentration necessary to produce scod flocculation is 
much higher. Electrolytes are more effective than starches in flocculating 
shale, out some of the electrolytes might be objectionable in use. Floc- 
culation probably is not necessary unless the slurry contains a considerable 
amount of material smaller than 200-mesh. Flocculated~coal slurries filter 
mach more rapidly than unflocculated ones. 


Utilization of Coal~mine Refuse 


The high=coal fraction of a coal-mine waste has been made successfully, on 
a laboratory scale, into a decolorizing carton having an activity -for color 
removal from sugars comparable to the better grades of commercial color carbons. 
Moreover, an activated carbon for water purification has been made from this 
same fraction with an activity for odor and taste removal from water equal 
to the better graces of water carbons, as evaluated by the phenol~adsorption 
test. 


Yancey, H. F., Zane, 2. 3., Wood, W., and Cannarella, J. T. H., Floccula~ 
tion as an Aid in the Clarification of Coal Yashery Water:-. Bureau of 
Mines Rept. of Investigations 249, 1939, 13 vp. 
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An extensive series of tests using zinc chloride as the chemical 
activiuting agent was completed, The data obtained from these tests show 
the conditions necessary for the prevaration of activated carbon from coal 
refuse by the zinc chloride method. This method procuced a more active 
carbon than was oreviously obteined by steam activation. The best carbon hac 
a phenol nunber of 18, as compared with 23, the minimum number by the steam 
process. “ne lower the phenol number, the greater the activity of the carbcnx, 
and a phenol number of 30 is snecified as the upper linit for a good com 
mercial cavbon. Activation by the use of chlorine was tried, also, but did 
not apnear promising and wes not stucied further. All of the carbons were 
activated for the removal of obdjectionable tastes and odors from municipal 
water suoplies. 


Activation of coelemine refuse for water-sortening purposes was not 
satisractory Dvecause the exchange capacities were low and the loss of fincs 
was nigh, owing to disintesration of the granulrr mterial. 


amar 


Covl Refuse as a Soil Conditioner 


Secause of its dark color, coal refuse may be usec as a darkening agent 
on light-color soils. Field experiments have been completed in which the 
darkening of a lirsht-color soil “ifh,coal refuse preventadthe burning of tips 
of gledioli by reflected siesta 


vying Subvituminous Coel end Ligmite vy Figh-presmre Stean 


Duving the last @ vears the University of North Dakota, in cooperation 
ith the Bureau of siines, has wade technical investigations and economic 
ee on the Fleissnes process for drying coal with hizh-pressure stean. 
wnese studies show that American hish-moisture coals can te dried to improve 
their sross neating value by 39 to 50 percent. 


Tne investigation has included studies of nine tzypical high~-moisture 
coals. Approximately 50 tons of coal has beend ried under many different 
conditions to determine the effects of stcam pressure, size of coal, and 
length of heating cycle on the properties of the dried residues. 


All the high-moisture coals can be dried with high-oressure stean: 
however, subvituminous coals disintegrate slightly more then lignites, but 
less dust is formed, The amount of water expelled from the coal is 10 to 40 
percent of the total moisture. Secause the moisture ls removed as linuid less 
nee t is required for drying ov steam than for drving by flue gas. The data 

can conditions the process is more suitable for 
s of coal. 


oroderick, S. J., Derconing Light-color Soils with cool ae Waste: 
Bureau of Hines Ropt. of Livestization 28 3516, 1940, 6 pn. 
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Pulverized Coal and Its Preparation 


This study was undertaken to determine the energy consumed in pulverig- 
ing different coals. The first step was to cesign and construct a cevice 
capable of recording accurately only that portion of the total energy input 
consumed in actual pulverizing. The channel-roller pulverizer and pendulum 
balanced force recorder were conceived and a emall laboratory model built . 
for test purposes, This was the status of the investigation at the end of 
1939. During the past vear numerous tests were conducted with this machine, 
and several changes were made in the original desizn until it has emerged 
as a machine suited to the purpose. 


The next step was the construction of a similar pulverizer capable of 
pulverizing particles as coarse as 3/4 inch. It was then attempted to adapt 
the machine to continuous operation. Inasmuch as most conmercial pulverizers 
are alr-swept the air-swept principle was accomplished by suspending the 
inlet of an air separator over the channel. Suction applied through a cyclone 
connected to the air separator withdraws most of the coal of near pulverized- 
coal size from the channel and into the separator. The air separator makes 
a separation at acout 150—-mesh, the minus-150—mesh material being conveyed by 
suction from the sevarator to a cyclone, where it is settled and recovered. 
The plus-150-mesh fraction is dischargcsd from the air sevarator directly to 
the channel for further reduction. A vibrating fecder attached to the 
pulverizer and controlled sy tre force recorder feeds minus-3/4-inch coal 
at the same rate at which the minus-150-mesh product is removed from the 
circuit. Thus, a definite amount of coal is maintained in the channel of 
the pulverizer, 


Accurate sizing analysis of the pulverized product is essential in this 
work, ‘This has been achieved by use of the Andreason vinette, accurate for 
sizes from 400-mesh down to 4 microns. However, the metnod is time-consum- 
ing; therefore, a new type of sedimentation balance has been built, which 
appears to be as accurate as the Ancreason apparatus and requires only about 
half as long to make a determination. 


Another phase of the investigation is accurate sampling of the pul- 
verized product from comrercial installations. The usual commercial practice 
Ls to convey the pulverized coal directly to the furnace by air stream, 
through ducts. This system necessitates sampling the product in the ducts. 
Tests of the method comnonly employed for this type of sampling have proved 
it to be unreliable. No method has yet been investigated to the extent that 
it can be said to be entirely catisfactory. 


Contrary to general belief the ash—-bearing constituents are not always 
most resistant to crushing, as was shown in tests of coal constituents — 
that is, vitrain, clarain, durain, and fusain - from the Southern Illinois 
field. The net power consumed in crushing the constituents from minus 20—mesh 
to minus 150-mesh, with their ash content are given in the following table: 
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Coal constituent |[®usain Vitrain 


Net horsepower~-nours 


Clarein | __Zurain 
per ton of minus- 


150-mesh product...| 1.2 | 13.6 


It is shown that the dvrain, the hardest constituent, contains less ash 
than the clarain. Althoven cormarison of the values for fusain with any of 
the others is even more startling it has been recogniized that fusain 1s the 
most easily crushed constituent, in spite of its relatively large percentage 
of ash. Tests of washet coal froma mine in the northern part of the 
Warricr field, Alabama, showed this same charactcristic; that is, the low- 
snecific gravity material and relatively low ash required 2O percent more 
power for pulverization than did the hisher-specific gravity and relatively 
higher-ash material, 


TILIZATION OF COAL 
Comoustion 


BPuel-economy Service 


The fuel-economy service is a consulting service rendered to other 
agencies of the Goveznment on the selection and use of fuels and equipment 
for ourning fuels, In comiection with the maintenance of steam boilers 
service is given with respect to correct conditioning of boiler feedwater. 


Comparisons of operating costs with different fuels were made for large 
and small plants throughout the country, and the apnropriate types of equip 
ment were recommended for economical utilization of the selected fuels under 
the conditions and demands existing at the plants. After installation of 
equinment acceptance tests were made at the larger plants and at plants where 
equipment of new types was installed. After tests and inspections of plants 
operating metnods were recommended, and forms were prevared for recording 
operations and costs. 


Surveys or steam and power requirements were made for Government in- 
stitutions, and programs were vreparcd for enlarging plants to meet the 
needs of future growth. 


Specifications to insure the delivery of suitanle coals, coke, and fuel 
oil were prepared for numerous individual plants, and subsequently bids were 
analyzed, 


Boiler Feed-water Conditioning. - Water analyses and resulting recom | 
mendations were made for 249 samples from plants in the District of Columbia: 
187 from the Justice Department: 110 from the War Department; 1U8 from the 


U. S. Housing Authority; 414 from the Office of Indian Affairs: 82 from the 
U. S. Public Health Service; 109 from the Department of Agriculture; 51 from 
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the Post Office Department; 6 from the Veterans Administration: and 4 from 

he Navy Department. Report was made on the analysis of 14 poiler compounds 
and 2lt scales and sludges for various activities. A copper sulfate treatment 
was started at a turbine-plant cooling pnond to | alsal growth. 


The Government had found it necessary to use a matent chemical for 
preventing vriming in the smaller heating systems such as in the schools. 
The compound used cost $l a pound, and atout 6CO pounds were used a year. 
This compound was examined and appeared to be ground yhoswnhate rock. 

boratory exneriments were made on grovnd rock, and similar results to the 
patent compound were indicated: therefore, substitution of ordinary ground 
phosphate rock was advised. The ground rock is proving comletely satis- 
factory and is resulting in the saving of about SCOO a yeer. 


Smoke Abatement. - Consulting service was given to municipalities and 
Government plants on the abatement of smoke and fly ash, In many plants 
emission of smoke can be reduced or eliminated by simple changes in operation 
or by tne addition of inexmensive auxiliary equipment, and the change usually 
is accompanied by saving of fuel and other reductions of cost of operation. +e/ 


Utilization of Fly Ash. - A new vlan for reburnins rly ash hish in 
combustible, as recovered rrom fly-ash collectors, was suggested to engineers 
of a large pudlic utility. This plan involves use of a nozzle-type spreader 
stoker to spread the fly ach over the fuel bed of an wnderfeed stoker. A 
soreader was installed and used so successfully that the company expects to 

stall them in 1! other furnaces 
iyxle in Fis 


Determination of Combusi Ash 


Fly ash is the finely divided particles of ash carried from a furnace 
in the gas strenx, The loss of fly ash on ignition is often determined to 
estimate unburned carbon or combustiole matter present. Errors may occur 
because a standard method is not in general use and because the mineral mt- 
ter of the fly ash may chango in weicsht during immition. These factors were 
investicated on three samples having a carbon content ranging from 3.4 to 
15.1 percent, as detarmined oy ultimate analysis. loss on ignition was de- 
termined at 750°C. oy the A.S.T.K standard method of determining ash of coal 
and coxe., On ignition changes in the mineral mtter of the fly ash were 
found to be slight, excent for loss of water that is chemically combined in 
some of the mineral matter. In the standard nrocedure for igmition loss this 
combined water is driven off and included with the combustible mtter. The 
tests show that the difference betwean 100 and the sum of ash and combined 
water may be considered to be combustible matter, 


48/ Barkley, J. 7., The Importance and Attainuent of Suokeless Boiler Plant 
Sea eae Heating, Pivirg and Air Conditioning, vol. ll, Decembder 
1939, po. 691-693, 
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Removal of Ash as Molten Slag from Pulverized-coal Furnaces 


Investigations have been conducted for several years concerning 
properties of ash of coels at high temperatures. The work originated with 
studies related to the molten ash of slagtan furnaces. Before the intro- 
duction of this type of furnace rarely was ell the ash completely melted, 
and there was less need for data on the properties of molten ash} clinkers 
usually weve a mixture of partly melted material, althoush large blocks of 
completely fused slag were found in the refuse of wnderfeed stoxers. If the 
slegging-type gas producer had come into general use, need for data on molten 
slags would have been felt earlier. 


There has been close contact with operation in boiler plants during this 
investigation, and its course has been influenced by samples collected and 
by observations of difficulties in oneration that occur. Thus, the need 
for certain data was forseen before overators realized they would require 
them. 


Lavoratory studies. - The "feel" method was adopted as a measure of 
relative fluidity to supplement the cone~fusion temperatures. Much was 
learned by it, but, as it did not give numerical values, it was not the final 
answer. 


Finally, the decision was made to develop a method of measuring the 
viscosity in spite of the precictable high cost of this type of investigation. 
The development was begun in November 1938, and by August 1939 studies had 
been made of a few slags having a wide range of composition. 


These tests cleared much of the fog that had surrounded this subject 
and clarified ideas on methods of attack for further work. Important 
princivles established by the tests wore: 


le Within only a narrow range of composition do slags act as true 
glasses, and in all others comoonents crystallize out, thus establishing a 
liquidus point. 


2. Slags having the same liauidus temperature do not necessarily have 
the same viscosity at temmeratures above the liquidus, and they may differ 
widely. . 


3. Decreasing the ferric percentage of a slag lowers its liquidus 
temperature but does not naterially change the viscosity at temperatures at 
which the slag is a fluid, 


Tne enlarged yap resulting from these tests was a milestone for 
the investigation. 2 


Nicholls, P., and Reid, W. 7T., Viscosity of Coal-ash Slags: 
Soc. Mech. Eng., vol. 62, 1940 op. 141-153. 
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Little further work was done on determinations of viscosity of slags 
because the conclusions were that the study should be enlarged to include all 
properties that might be measurable. Viscosity determinations are too ex- 
pensive and difficult to be done for individual coals in commercial laboratories, 
The solution was tnat determinations should cover the whole field of com- 
position of coal ash and that the commercial procedure would be to make a 
chemical analysis of the ash. Q/ The plan for future work on the problem is 
Siven in the following taole;: other phases mst be followed, particularly 
those that will maintain contact with operations in the field. 


Proverties of Coal Ash to be Determined 


1. Chemical analyses: 
a, Of the ash. , | 
b. Determination of the iron forms in the slags of 
the tests of 3a and 3b. 
2, A.S.T.M. cone fusion test of: 
a. The ash as prepared from the coal. 
be. The ash after conrmlete fusion, 


3, Absolute viscosity at termmeratures avove that of the liquidus. 
a. In an atmosphere or air; that is, with the hishest 
ferric percentage rossible in service. - 
db. With one or more imposed lower ferric percentages; / 
each of tnese requires a comletely new test. 


4, Aoparent viscosity at temoeratures below that of the liquidus: 
a, Sameas 3a, 
be. Same as 3d. 


5. Surface tension as related to temperature: 
a. same as 3a, 
be same as 3b. 


6, Density: 
a. Of solid slag. 
b. Of molten slag. 


7. Adhesion of slag to surfaces. 


Surface tension. - Annparatus was designed for measuring the surface 
tension of molten coal-ash slegs utilizing the method in which a bubble is 
blown with inert gas at the tip of a calibrated platinum tube barely touch- 
ing the surface of the slag. The static pressure just insufficient to cause 
the budble to burst is a measure of the surface tension, 


Density of slags. — The density of slags at high temperatures is to be 
measured by an apparatus that operates on the principle of displacement of 
slag and consecuent change in weight when the platinum bod ordinarily used for 
viscosity determinations is immersed in the slag. 


O/ Nicholls, P., and Reid, W. T., Status of Knowledge on Properties of Coal 


Ash: Proc. 26th Fuel Eng. Conf. Appalachian Coals, Inc., June 21, 1940 
(mimeographed), ’ - 27 = (igus 
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Apparent viscosity. - The measurement that will present most dif- 
ficulties is what may be termed the apparent viscosity at temperatures below 
that of the liquidus. The force required to produce a given deformation of 
a slag containing solid phase usually will depend on the conditions of the 
test, and thus numerical values will be arbitrary. The quantity, and often 
nature, of crystals for a given temperature will depend on previous history, 
time, and the dimensions of the test apparatus. 


It was desirable that all tests of one slag could be made ln sequence 
with the one melting in the crucible. The oscillating method is not suited, 
because the anplied forces to overcome slag resistance are so small. The 
method adonted was that of rotating the bob. A new viscometer based on the 
Margules or rotating~cylinder tyne was designed and constructed. This in- 
strument indicates viscosity by mcasuring the energy required to rotate the 
platinum bob immersed in slag contained in a platinum or ceramic crucible. 
The energy required to produce rotation is furnished by a small, variable- 
speed motor and is measured by determining the toraue recuired for a given 
speed of rotation; the torque is measured ty the twist produced in a length 
of calibrated piano wire in the driving system. The twist in the wire was 
measured successfully with an electronic contact-indicating device sensitive 
to extremely short duration of contact, as is required when the bob is rotat- 
ing at maximum speed (20). This instrument includes a number of novel 
features and, in snite of delicate construction required, is highly accurate. 


Figure 3 1s a photograph of the driving head and motor. The tripod is 
needed to align the suspension and to support the parts for measuring the 
angle of torque and for the safety features. This method of measuring ap— 
parent viscosity has an advantage over determinations like cone fusions in 
that (a) numerical values are obtained, (b) the measurements on one slag 
can be continued indefinitely and the applied conditions changed, (c) more 
than one set of anplied conditions can be standardized, 


Temperature controller. — A modification of the temperature controller 
was built, with its sensitivity increased about flve times. It was described 
in a paper, An Electronic-contacting Gelvanometer for Temperature Control, 
presented at the Temperature Symposium of the American Institute of Physics 
in November 1939. 


Crucibles. — Ceramic crucibles suitacole for melting slags of high flux 
content were tested in an attempt to obtain mterials suitavle for use in 
the viscometer. Two crucible todies of domestic manufacture were found that 
were considered to be nearly satisfactory, and it is hoped that greater skill 
by the manufacturer will make them entirely satisfactory. The bodies are 
purified chromite and sintered alumina, 


Field Studies 


Actions in the slag beds of powdered=-coal furnaces were observed at a 
public~utility plant, and further informtion was gained relative to the 
formation of deposits of infusiole slag and the production of metallic iron 
(or alloys consisting principally of iron) in beds of slag. One of the 
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Figure 4.— Rotating head of viscometer for coal~ash slags. 
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Figure 4.— Device operating recording draft gage to maintain constant drop 
of pressure across an orifice. 
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principal facts discovered is that reduction of silicates to silicon can 
occur in slag beds, and that such reduction can be serious in modifying 
both the properties of the iron deposit and of the remaining slag. 


Burning Solid Fuels on Travelinz Grates 


The apparatus that has been described has met exnectations.2L/ All 
tests are made with a constant rate of air supply, which means a constant 
drop in pressure across an orifice in the air line. sisure 4 is a photograph 
of a cevice developed to do this regulating automatically. It consists of a 
constantly running motor that raises and lowers the damper through a gearing, 
the direction of rotation of which is reversed by mgnets controlled from 
the position of the pen of a recording draft gege. 


The tests have been restricted to high-temperature cokes and to 
anthracites. These noncaking fuels are favorable to studies of principles, 
and therefore more tests have teen made than will be warranted witn caking 
coals. The variations studied for one fuel have been limited to size of 
fuel, rate of supplying, primry air, and ignition temperature, with a few 
tests using seconcary air with small~size anthracite to help the burning 
of pieces in suspension; moreover, some tests with moisture added to the 
fuel. It is provosed to study some of these same fuels with varying amounts 
of preheat. Even with this limited number of variables, many tests would * * 
be reouired to cover the full ranges of all variables, and some restrictions 
are necessary. Not enouen tests have been mde to permit publication cf 
results. 


Performance of Subbituminous Coal in a Domestic Stoker 


Through the cooperation of the Northern Colorado Coals, Inc., the 
Bureau of Mines studied the utilization of subbituminous coal in a modern 
domestic stoker. The object of the-investisation was to determine efficient 
methods of operation and to study the relationship of sizes and ranges of 
sizes to performance in small stokers and to study changes in the design of 
retort to permit improved combustion of subbituminous coal and lignite. A 
warm-air furnace with a steel firebox was used in the tests, and the stoker, 
with a special floating firebox, was mounted on scales, 


Two sizes of coal — modified pea and 2-1/2-inch slack - were burned at 
various rates. It was observed that in the retort suoplied with the stoker 
there was little difference in oneration between the two sizes. The slack 
was dustier than the modified pea, tut the attention recuired for satisfactory 
operation of the furnace was avout the same for each size. Although slishtly 
more power was required to burn the slack and the pressure in the retort was 
higher, combustion was as good as was obtained with modified pca coal. The 
similarity of combustion probably was due to the crushing action of the worm 
on the pea coal, which was reduced to almost the same size as the slack. 


51) Fieldner, A. C., and Brewer, R. E., Annual Report of Research and 
Technologic Work on Coal, Fiscal Year 1939: ‘Bureau of Nines Inf. Circ. 
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Table 1 gives the sources and analyscs of the five coals, of the coals blended 
with them, and of the blends. None contains more than 6.4 percent ash and 
1.0 percent sulfur: these amounts are low enough for the manufacture of 
metallurgical coke. The high=volatile coals ylelded coke of moderate size, 
and the pieces were fractured enough to prevent high strength in the shatter 
test. The cokes from the medium-volatile coals were dense, blocky, and only 
slightly fractured; they were unucually strong. The medium-volatile coals 
and the blends of coal 61 with coals 56 and 57 expanded the retorts, although 
most high-volatile A bituminous coals do not expand the retorts when blended 
with Pocahontas No. 3- and No, 4~ped coals in these proportions. 


Table 2 gives the yields of products of carbonization from ccals 60 to 
63, inclusive, from blending coals 28, 56, and 57, and from the blends. 
High-volatile coals 28, 61, 62, and 63 gave high yields of tar, light oil, 
and ammonium sulfate and low yields of coke: whereas low-volatile coals 56 
and 57 gave low yields of tar, light oil, and ammonium sulfate and high 
yields of coke, Mediumvolatile coal 60, as indicated vy its intermediate 
rank, yielded. quantities of coke and byproducts intermediate between those 
obtained from the high= and lowevolatile coals. The yield of tar from coal 
61 (10.7 gallons per ton) was lower than the yields from other high-volatile 
coals and differed only slightly from that obtained from medium-volatile 
coal 60. The differences in the yields of gas from the hish-volatile A and 
medium-volatile coals were small on the basis of volume but were larger on 
the basis of the heat in gas per pound of coal carbonized. Blending the 
high-volatile coals with low-volatile coals 56 and 57 increased the yield of 
coke and decreased the ylelds of byproducts: blending medium-volatile coal 
60 with high-volatile coal 28 decreased the yield of coles and increased the 
yield of byproducts. 


Table 3 gives the results of physical tests of the coxes obtained from 
coals 28, 56, 57, 60, 61, 62, 63, and 64 and from blends of these coals on 
carbonization at 900°C. in the 1&-inch retort. The densest cokes were ob- 
tained from low-volatile coals 56 and 57; but, as is shown by the percentage 
of cells in the other cokes, it cannot be concluded that the density (or 
porosity) of coke is closely related to the rank of coal. The strongest cokes, 
as measured by the shatter and tumoler tests, were obtained from mediun- 
volatile coals 60 and 64; the cokes from low-volatile coals 56 and 57 were 
stronger than those from the high-volatile coals. Coal 61 yielded the 
strongest coke of the three high-volatile A coals: this coke was but slightly 
weaker than the cokes from the low-volatile Pocahontas coals, Elending the 
medium-volatile coals with hish-volatile coal 28 decreased tlie strength of 
the coke. Blending the high-volatile coals with low-volatile coals 56 and 
57 increased the strength of the cokes, and this increase was greater for 
coals 62 and 63 than for coal 61. The two Pocahontas coals are of approximatel;: 
equal value in improving the strength of the cokes from high-volatile coals 
61, 62, and 63 by blending in amounts of 70 and 30 percent. 
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TABLE 1, - Analyses of coals, as carbonized 


Coal 60.- Lower Freeport bed, Indiana County, Pa. 

Coal SL- No. 1 bed, Bell No. 1 mine, Crittenden County, Ky. 

Coal 62.- Powellton bed, Elk Creek No. 1 mine, Logan County, W. Va. 

Coal 63,- Lower Hignite bed, Atlas mine, Bell County, Ky. 

Coal Gi,~ Bakerstown bed, No. 23 mine, Tucker County, We Vae 

Coal 56~ Pocehontas No. 3 ded, Buakeve No. 3 mine, Wyoming County, W. Va. 
Coal 57.- Pocahontas No. 4 bed, No. 4 mine, Ralet gh County, W. Va. 


Coal 2&8 - Pittsburgn ded, Varden mine, Allegheny County, Pa. 


Dry | 
mineral- Moist, |Proximate, percent _ Heat~ 
matter- |mineral- Vola~ ___Ultimate, percent =| ing 
| free matter- tile |Fixed Hy- Ni- | value, 
Coal fixed free |Molis-| mat-| car- dro~j0ar~|tro4 Oxy={Sul- B.t.u. 
No.2! carbon |3B.t.u. ture | ter | bon | Ashjgen |bon |gen| gen |fur per lb. 
60 736 15,410 | 2.0 66.7 | 6.4)5.21 503 $0.7 | 14,320 
COA 65.0 115,020 1.9 59.8 15.5]5.3 ) 7 9 | 14,100 
60B 65.3 {15,110 1.6 60.6 | 5.6]5.3 1 6, 9 14,170 
61 ou.4 [14390 | 5.4 57-3 5.015.5 se sy vile 7 | 13,590 
SA 58.7 {14,750 3.5 So. 15.145.2 1.51 8. 7 | 13,950 
613 70.1 414,780 3.4 63.6 | 5.3451 163 | Ss -6 | 13,910 
616 62.8 {14,600 2 61.5 | 5.3]5.1 1.3] 9. o& | 13,740 
61D 70.7 {14,640 ud 63.5 1 5445.1 1.534 3. 8 | 13,760 
62 64.7 115,080 2.5 61.112.7/5.4 on ayer .6 | 14,620 
62A 68.3 {15,270 1.6 “ 16L.8 1 3.2/9 1.5 | 6. ~6 | 14,720 
62B 70.5 {15,490 1.2 3 166.6] 3.9]5.1 1.415. -6 | 14,720 
62C 69.3 115,300 1.4 RF 155.6 | 3.515.2 1.416. 7 | 14,700 
62D 70.4 115,290 1.4 Uo 156.5 | 3.7151 1.4] 6. -7 | 14,660 
63 60.3 {14,680 2.9 136.4 155.6 15.115.5 1.6] 9. .6 | 13,850 
634 ou.5 =| 14920 1.8 133.3 159.5 | 5e4|5.3 1.6] 7. 7 | 14,020 
633 66.5 {14,960 1.9 [31.5 161.2 | 5.4]5.2 owe rae 7 | 14,040 
63C | GU.3 [14,330 | 2.6 |33.2 158.6 | 5.6]5.2 Le Set 26.1. 13,920 
62D 57-8 {14,930 2.5 [30.1 [02.0 | 5.6]5.1 1.5] 7. -7 | 14,000 
64 77-1 115,450 20. 12 5.7/4.8 1.6/4.8 }1.0 | 14,470 
GLA 55.6 {15,120 2.0 |% 5415.4 1.5 9 | 14,210 
EB 66.4 415,120 2.0 {3 F.215.3 1,6 9 | 14,2h0 
56 S1.7 415,520 1.6 132 -6 | 14,400 
57 83.3 115,510 1.4 1.31 3.7 {1.2 | 14,300 
28 61.8 {25,080 1.5 1.6] 7.2 {1.0 | 14.260 


1/ Analyses by H. M. Coorer, chemist, Bureau of Mines, 

2/ Coals 60A Be “6A contain 80 nercent anc. coals 603 and 64B 70 percent 
Pittsturgh coal (To. 28); coals S1A, 52d, and 63A contain 20 nercent and 
coals 51B, 623, and 633 contain 30 nercent Pocahontas To. 3 coal (No. &6): 
coals 61C, 620, and 63C contain 20 percent and ccals 61D, €2D, and 63D cor- 
tain 30 percent Pocahontas No. 4 coal (No. 57). 
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Coal 62, 
Coal 63. 
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TABLE 2, ~ Yields of carbonization products 
obtained at 900°C. in the 18-inch retort 


~ Lower Freeport bed, Indiana County, Pa. 

~ No. 1 bed, Bell No. 1 mine, Crittenden County, Ky. 

~ Powellton bed, Elk Creek No. 1 mine, Logan County, W. Va. 

- Lower Hignite bed, Atlas mine, Bell County, Ky. 

~ Pocahontas No. 3 bed, Buckeye No. 3 mine, Wyoming County, W. Va. 
~ Pocahontas No. 4 bed, No. 4 mine, Raleigh County, W. Va. 


Coal 28. — Pittsburgh bed, Warden mine, Allegheny County, Pa. 


Coal | Coke, 
t0.1/ | percent 


60 | 76.5 
60A 70.9 
603 71.5 
61 63.0 
61A fiat 
613 73.0 
616 717 
61D 12.0 
60 69.6 
624 72.8 
623 74.1 
62¢ rae | 
62D 74.5 
63 66.2 
O34 | 70.5 
633 te<2 
636 70.6 
63D 72.4 
56 gu..0 
57 gh. 3 
og 68.8 


Yields per ton of coal Byetcus in 
Gas, Light oil gas per 
cubic Tar, in gas, (NH, )5S04, | Liquor, pound 
feet | gallons gallons pounds percent | of coal 


10.0 67 Lt 
13.3 20.0 5.0 
134 19.6 hg 
10.7 22.5 a7 
9.4 22.5 om 

905 19.0 ee 

9,4 23,1 3.6 

8.6 20.5 75 

13.8 19.9 6.2 
12,3 20.9 bs 
11.0 20.5 at) 
12.0 21.9 5.7 
10.8 20.3 53 
13.5 279 7°9 
5 ie 26,2 tel 
9.9 ou.7 Ga? 

10.9 a7 0 7.0 
9.4 26.8 6.6 

eb 13.4 oT 

14.5 Ly 

19.0 6.4 


1/ Coal OOA contains 80 percent and coal COB contains 70 percent Pittsburgh coal 


(No. 28); 


coals 61A, 624, and 634A contain 20 percent and coals 613, 62B, and 


63B contain 30 percent Pocahontas No. 3 coal (No. 55): coals 61C, 62C, and 
630 contain 20 pence and coals 61D, 62D, and 63D contain 30 percent 


Pocahontas No. 
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Coals 60 and 64 formed relatively large amounts of sponge coke at the 
middle of the charge when carbonized at medium and low temperatures. This 
spongy structure was so pronounced: at 500° and 600°C, that voids were formed. 
These voids, which were 3 to 6 inches in diameter and 12 to 16 inches in 
length, are illustrated in figure 5. These principal observations relating 
to the formation of sponge coke or voids have been made? (1) The size of the 
voids, considering a single coal, are in approximte proportion to the pres- 
sure of gas formed in the interior of the charge: (2) voids have been formed 
only in charges of coals having unusually wide ranges of plasticity; ese 
ranges for three coals forming voids at 500° and 600°C, are: No. 59, 106°; 
No. 60, 105°: Wo. 64, 100°C. 


The fusion temperatures of the ash from 46 coals and the cokes made fron 
them at 500°, 600°, 700°, 800°, 900°, 1,000°, and 1,100°C, were compared in 
a study of the relationship of the fusion temperatures of the ash from coal and 
coke. A trend toward lower fusion temperatures for the ash from coke was 
noted, and the difference increased with rise in carbonizing temperature to 
the maximum of 37°F. for the 1,100°C. cokes. As the difference is within the 
limits of error of the determination of fusion temperatures of ash cokes are 
known to be contaminated by fron during crushing, ané this extraneous iron 
might decrease the fusion temperature of. the ash: high-temperature cokes are 
harder and are liable to be contaminated more than cokes made at low or mediun 
temperatures, therefore the study docs not indicate that the fusion tempcra- 
ture of ash is affected ty the process of coking. 


Plasticity. -— The vlastic properties of all coals and blends studied in 
the Survoy of the Carbonizing Properties of American Coals during the year 
(tablo 1) were determined by the Agde~Damm dilatometer and by the Davis and 
Gieseler plastometer test etude 08) Many tests were seas <3 these methods 
on oxidized coal and petrographic components of coals. 0 


The plastic properties of the high-volatile A coals 61, 52, and 63 are 
characteristic of this rank of coal. Coal 63 (Lower Hignite) is of lower rank 
than the others; and its plastic properties, as expected, differed from those 
of coals 61 and 62, which are closer to the average for high-volatile A coals. 


Coal 59 was high-volatile A bituminous from the Upper Freeport bed in 

Monongalia County, W. Va. | 

57/ Reynolds, D. A., Relationship of Ash-fusion Temperatures of Coal and Coke: 
Bureau of Mines Rept. of Investigations 3505, 1940, 5 pp. 

58/ Brewer, R, E., and Atkinson, R. G., Plasticity of Coals - Its Measurement 
‘and Relation to Quality of Coke Produced: Ind. Eng. Chem., anal. ed., 
vol. 8, 1936, pp. 443g, 

Brewer, R. E,, and Trirf, J. E., Measurement of Plastic Proverties of 
Bituminous Coals. Comparison of Gieseler and Davis Plastometer and Agde- 
Damm Dilatometer Methods: Ind. Eng. Chem., anal. ed., vol, 11, 1939, 
pp. 24e-2h7, | 

59/ Brewer, R. E., Holmes, C. R., and Davis, J, D., Effect of Oxidation on 
Plastic Properties of Bituminous Coking Coals: (In press). 

€0/ Brewer, R. #., Holmes, C. 2., and Davis, J. D., Plastic Properties of 

Bituminous Coking Coals - Hffect of Petrographic Composition: Ind. Eng, 

Chem., vol. 32, 1940, pp. 792+797. 
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Figure 5.-— Voids at center of charge in 600° c. cokes from Lower Freeport 
and Bakerstown coals. 
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Mediumvolatile coals 60 and 6 had higher characteristic temperatures and 
were less fluid in comparison with the high-volatile A coals. The nlastic 
ranges of coals 60 and 64, as measured by the Davis nlastometer, were 106 

and 100°C., respectively. Plastic ranges thus meesured seldom are this great; 
when they are, they may be a factor in the formation of spongy coke, wnich was 
pronounced with these coals. That wide ranges of plasticity are not cnaracter- 
istic of medium-volatile coals is indicated by the fact that two representative 
medium-volati le coals from the Sewell bed, Nos. 27 and 56, have plastic ranges 
of 50° and 61°C., respectively. 


The blending of high-volatile coals 61, 62, and 63 with low-volatile 
Pocahontas No. 3 and No. 4 coals increased the characteristic temperatures, 
reduced the fluidity, and increased the maximum resistance (Davis plastometer) 
observed by the three test methods. These effects were greater when larger 
proportions of the low-volatile coals were used. Pocahontas No. 4 coal 
produced greater changes than Pocahortas No. 3 coal in ecual proportions with 
these coals; as the Pocahontas No. 4 coal is of slightly higher rank than the 
Pocanontas No. 3 this difference was exnected. 


Effect of Weathering on Coking Properties. — Representative samples zoom 
0G, oL/ 


- 


two beds of coal were sudjected tg accelerated weathering in air at 59.3 
A sample of Upver Freeport soa fel consumed 2.60 percent oxygen in 18.4 days, 
and Lower Freeport coal, No. 60, consumed 2.43 percent in 18.5 days; the 
oxidation ratios of these coals, therefore, do not differ significantly. 
Degradetion of the coke-naking property by oxidation, as evinced by physical 
tests of the cokes, was more rapid for the Upper Freeport coal, although 
neither was unusually sensitive in this respect. 


The results of the study of the effect of oxidation oy the carbdonizing 
properties of representative coking coals were sunmarizred.= In general, 
progressive oxidation results first in decreased size of pores in coke, 
followed by poor fusion, and finally comnlete loss of colsing nower. The 
apparent specific gravity of coke increases with oxication of the coal, and 
this change is accompanied by decreases both in strength of coke and in yields 
of byproducts (except ammonia). The yield of tar, vhysical vroperties of 
coke, and agzlutinating valve are sensitive measures of the extent of oxida- 
tion. The majority of coals tested show serious impairment of coking power 
before they are oxidized enough to decrease the heating value by 1 percent 
and before their ultimate and proximate analyses show changes definitcly 
greater than the experimental error of the analysis. The rclationship between 


1/ Schmidt, L. D., and Elder, J. L., Atmospheric Oxidation of Coal at Moderate 
Temperatures - Rates of the Oxidation Reaction for Representative Coking 
Coals: Ind. Eng. Chem., vol. 32, 1940, nn. 2't9-256. 

Pah Unper Freeport bed, Horgantow district, Honongalia County, W. Va., coal 5S, 

63/ Schmidt, L. D., Elder, J. L., and Davis, J. D., Atmospheric Oxidation of 

Coal at Moderate Temperatures ~ Effect of Oxidation on the Carbonizing 

Pronerties of Representative Coking Coals: Ind. and Ens. Chem., vol. 32, 

1940, vn. 548-555, 
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volatile matter and the sum of original oxygen content plus the amount of 
oxygen required to cause a 20 vercent reduction in the hardness of coke is 
shown in figure 6. The amount of oxygen recuired to cause a decrease of 20 
percert in hardness of coke shows a threefold range between the most sensitive 
and the least sensitive coals. This oxygen requirement increases with the 
volatile matter and decreases with the oxyzen content of fresn coals. 


Determination of Swelling Properties of Coals During Coking Process. - 
No empirical test such as those used by the Bureau of Mines to determine ex- 


panding proverties will give results directly applicable to all industrial 
coking processes because cartonizing conditions vary for different processes. 
One of the fundamental factors in coal expansion is shrinlage of the coke 
after it is formed in the oven. A particular investigation of this variable 
was made: results obtained in a group of tests where heating was continued 
after all the coal was coked are given in table 4. The linear shrinkage was 
measured in the direction of flow of heat. The srrinkage for the same range 
of temperature calculated from the mean of the volume~shrinkage tests on 
granular cokes is given for commarison. The results of another group of 
coke~shrinkage tests where the shrinkage, perpendicular to the flow of heat 
was measured are lllustrated in figure 7, which shows the entire sole—heated 
oven charges from thrce coals, The area of the coke at temperature of forma- 
tion, regardless of what the temperature of formation might be, is the area 
of the oven, for cokes is formed from plastic coal in which a crack cannot 
exist. The outline shows the dimensions of the oven; the shrinkage after 
formation, therefore, is the sum of the areas of the remaining cracks and the 
blank space enclosed by the lines. The final temperature in each of these 
tests was approximately the same: and the shrinkage is also the same, even 
though the coals differ widely in rank and expansion behavior. The investi- 
gation has shown that, within limits of practical application, all cokes 
snrink to the same extent between formation and pushing temperatures. 


In figure 8 the results of two tests of coal 59 are given. One test 
vas made at constant volume and one under constant psressure conditions. The 
pressure developed by the charge in the constant—-volume test is between 1.0 
and 1.4 pounds per square inch during most of the carbdonizing period. Certain 
other coals have given this tyne of »vressure curve, but some coals continually 
culld up pressure as long as any uncoked coal remains in the oven. Figure 9 
gives the results of two tests of Sewell—bed coal: one charge was heated fron 
one side, the other from to sides, The pressure peak at S hours apparently 
occurs when the two plastic layers meet in the center of the charge. Up 
to the present, only a few tests have been mace in which the charge has been 
heated from both sides; therefore, the rélative merits of one- or two-sided 
heating will not be discussed, 
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Coal 56, 99.3° 


OXYGEN SUM, PERCENT. [ (0)o +X] 


24 2 28 30 32 34 3 
VOLATILE MATTER, PERCENT (MOISTURE-AND MINERAL- MATTER-FREE BASIS) 


Figure 6.— Relationship between volatile matter and the sum of original oxygen plus the additional 
oxygen required to cause a 20=percent reduction in hardness of coke. 


Coal No. f-28 Coal No. XP-20 Coal No. 41 
Test No. S-3 Test No. S-1 Test No. PC-2 
High-volatile A Medium-volatile Low-volatile 


Pigure '7.— Shrinkage of high-temperature cokes. 
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Pigure 9.- Comparison of pressures developed with one- and two-sided heating (coal XxPab 18, 
constant-volume tests). 
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Correlation of Small-scale Laboratory Tests with Microscopical 


Composition of Coal 


Low-temperature cartonization tests neve been useful in correlating tx: 
microscopical commnosition of coals with their coke- and byproduct—making 
properties. Nearly all the coals studied in the BM-AGA cartonization tests 
have been classified microscopically by means of a series of thin sections 
prepared from top to bottom of the coal bed. As most coals are mixtures of 


different types, it has been the procedure to sevarate these microscopica2liy 
classified layers from column samples and determine their coke- and byproduct 


making properties by the Fischer low-temperature assay. Other properties 
of the layers are determined by chemical analysis and agglutinating tests. 


Data obtained on the petrographic layers of the coals the BM-AGA 
series are summarized in a technical paper on splint coals.ot/ This revort 
discusses the origin, petrography, geographical distribution, geological 


occurrence, hydrogenation properties, chemical analysis, agglutinating valve: 


and low-temperature assay vields of typical Avpalachian splint coals and 
compares these chemical and physical properties with the associated bright 
coals. 


The types of coal in 55 columns selected from representative coals in 
the Appalachian region are listed in tasle 5. When these coals are arranged 


according to aze the importance of splint coal in beds of the Uoner Pottsvil-: 


(Kanawha formation) is shown; beds above and below the Upner Pottsville. 
consist principally of bright coal. 


The ultimate and proximate analyses of splint coal show interesting 
relationshins when compared with the associated bright coal. When commared 
on the dry, mineral-matter-—free oasis, the splint layers have a higher 
content of carbon than the bright layers of the same bed. Generally they 
have a higher content of ash and a higher ash-fusion temperature. The 
tright coals generally have higher moisture, hydrogen, nitrogen, and oxyzen 
contents and lower calorific values. The volatile matter my vary in either 
direction, depending on tho petrographic commosition of the bright or ‘splint 
coal. Components such 4s spores and resins give unusually hish volatile 
matter, 


The low-temperature carbonization assay yiclds of the svlint and bright 
coals, when compared on the basis of the coal free of moisture and mineral 
matter, indicate that the volume of gas obteined from splint coal is nearly 
always less than that obtained from the associated bright coal. The yields 
of coke and of tar and oil have been found to be closely related to the 


chemical analyses of the splint and bright coals, and from the analvses the | 


yields of these products can ove predicted accurately, 


Sprunk, G. C., Ode, W. H., Selvig, W. A., and O'Donnell, H. J., Splint 
Coals of the Appalachian Region: Their Occurrence, Petrography, and 
Comparison of Chemical and Physical Properties with i ccociated Bright 
Coals: Bureau of Mines Tech. Paner 615, 1940, 59 np. 
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TaBLE 
Bed 
Pittedurgh 
Do. 
Do. 
Do. 
Do. 


Upper Freeoort (thick) 
Uoper Free ort 


Lower Freeport 
Usver Kittanning 


biidéle Kittaaning 


Lower Kittanaing 


Clarioa 
Do. 


Brookville 
De. 


Do. 
Do. 
Do. 
De. 
Stockton (Lewiston) 
Cos lbur¢g 
dinifrede (Dorotay) 
Quakertown (disifrede!) 
Chilton 
Cerar Growe (U mer Thacker) 
wOwer vecer wrove (uc.er 
Thacker) 
Ai.aA 
DBs. 


Bixuora Wo. 3 (alone, Je eart) 
Tag-art (Alas, Bl.:.orns, 


idllers Creek 


Yo. 2 Ges : 
Pond Oreek (io. 2 vne.) 


Powelltona 
Crintwood (xeta-an2) 
Bogle 
Upper Banaer 
Lower Banner (Gi1vert2) ; 
Sewell 
a (Seve11L) 
Do. 
Beckley 


Pocahontas Bo. & 


Pocascatas Yo. 3 
Eigh Svliat 


Pratt 


Mary Lee 


Black Creek 


The exact position of the High Solint, Pratt, Mary Lee, end Black Creek beds with reference to the other bede in this table is not known. 


0418 


Fayette 
Allecheny 
Weshington. 
Marion. 
Rerrieon 
Allegheny 
Nononge lia 
Tadiana 


Cacvria 


Jeffareon 
Cembria 


Jefferson 


Arnetrong 
Payette 


Jefferaon 
Clarion 


Jefferson 


do. 
Cl-rion 


Kenawho 
3o-ne 
Kenawha 
Jeckeon 
Logan 


ino 


Boone 
.- ino 
Letcher 
«Lea 
Jornson 


tose, 


Pile 
Lo.an 
2uceacn 
Logean 
Dickenson 
Bucbzaan 
Payette 


Wyoning 
Jaci:son 


Herlan 


Jefferson 


do. 


salvar 


pp* lachian 


Hine 


¥danbdora 

U. 8. Exoeriments) 
Pittsburgh Perminal No. 9 
Consalidetion No. 63 
Anex 


Wildwood 
Tadustrinl Collieries 
Wo. 21 


Industrial Collieries 
No. 9 


Bethlehem Steel Co. 
No. 73 


McOery Ho. 1 


Bethlehem Steel Co. 
No. T2 

Hanley Clery Ho. 3 
Covran 

MeGary Ko. 2 

Jones coal bank 
Cadogan 

Indien Creak No. } 


Hanley Cley io. 2. 
Sutton Ho. 9 sheaftt 


Conifer No. 1 
Country bank on 
Weleh Run 
Minawe-ser bank 
Baughren baak 
McClallan bank 
Satton Yo. § 


Sheron 


Silush 


Corbon Puel Co. Ho. 10 


“@eliston Ho. 2 strip 


Boone Fo. 2 


Redjacket Cona. Coal 
& Coke, Junior 


uo. 
Soruce River Wo. & 
Red Jnecket 20. 6 
Coreolfiation wo. 264 
Dunder 


Consoliwrtion Mo. 155 


Point Lice Yo. & 
Majestic 


Elk Creek Yo. 1 

Buecho nen Yo. 1 
Mallory Cosi He. 3 
Clinchfield Corl No. 9 
HZeen Sountaiao 


Sunmerlee 


. Wyoming 
Sun 


Jeckson Iron & Stael 
#inting Gulf Mo. 1 


Pemberton Coel 4& 
Coke Mo. 4 


Suckeye Ho. 3 
Clos lint 


fylam Wo. & 


Plat Ton 


B-.otre 


region arranged according to 


Monongahela 


Pottsville 
fo. 
10. 


do. 


Fotteville 


(lower ha) f) 


do. 


do. 
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1 Correlation sug,ested by L. B. Reger, dnet Virginie Geological Survey: County Renorts, Mineral and Grant Counties, 1524, ». 251. 
§& Correlation by J. 3. hudnall, liineralogy of Kentucky and Other Papers: The Kentucky Geological Survey, Ser. VI, vol. 27, 1925, 


pp. 131-133. 


A correlation suggested by Hunt, et al (see note 4) makes Eli-iorn Bo. 2 equivalent to Cedar Grove. 
5S Bunt, C. B., Brigge, @. H., Nunyan, A. C., and Wesley. GO. R., Conl Derosits of Pike County, Kentucky: U. S$. Geol. Survey 


Bull. 876, p. 19, 1937. 


§ doy. J. E., The Geology and Kineral Resources of Wiese Count 
Bull. 26, 1923, p. 157. 


See page 147 of note 5. 
See pege 267 of note 1. 
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Although the quality of coke mde in the Fischer assay may not be a 
reliaple guide in the selection of coals to be coked commercially the results 
indicate that the quality of the coke is affected appreciably by the type of 
coal as well as by the rank of the coal. Figure 10 is a photograph of 
typical coke residues obtained in the Fischer test. Except for the coals of 
higher orygen content the coke residues from the bright coals are consideraodly 
more swollen and cellular than are those from the splint coals. Whereas 
all the cokes from the higner-rank bright coals are completely fused the 
cokes from the associated splint coals range from only slightly to completely 
fused. 


Relationships that have been estazlished between chemical analyses of 
the splint and bright coals tested and yields of cartonization products are 
as follows: 


le The content of fixed carton determines the yield of coxe regardless 
of tne type of coal, as is illustrated in figure ll. 


ee Yields of tar and oil iacrease regularly with increase in volatile- 
matter content of tha coals. A better correlation of tar and oil is obtained 
if the volatile matter is reduced by an amount equal to 1.3 times the oxygen, 
as is shown in figures 12 and 13. 


3. Yields of tar and oil increase with increase in hydrogen of both 
splint and bright coals, the yields for coals of equal hydrogen content 
being greater for the splint coals. (See fig. 14.) 


4, Attempts to correlate the yields of gas of the splint and bright 
coals with their chemical analyses have provided little information. In 
general, for the bright coals studied, the ylelds of gas and B.t.u. of gas 
per pound of coal carbonized increase with increase in the volatile—matter 
content of the coal, 


Agglutinating values wero determined for each of the splint and bright 
coals by the Bureau of Mines azelutinating-value test. With the exception 
of one high-oxygen coal the agglutinating values of the splint coals tested 
always are less than those of the associated brizht coals. As shown in 
figure 15 the oxygen in bright coal correlates well with the agglutinating 
value of the coal. Bright coals of 3.0 to 3.3 percent oxygen (dry, mineral- 
matter-free coal basis) have the highest agglutinating value, the values 
decreasing with increase or dacrease in the amount of oxygen. The correlation 
with the oxygen of the splint coals is not good, although in general the 
asglutinating values decrease with increase in oxyzen content. 


Oil Algae. - To internret the nroverties of cannel-boghead and boghead 
coals, which contain consideradle amounts of oil algae, a sample of ofl algae 
separated from Estonian oil shale was tested by the Fischer ilow~temperature 
assay for the ylelds of carbonization products. The principal products 
obtained, calculated on a moistvure- and mineral-matter~free basis, are tar 
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and oil which comprise 73 percent of the total yield and gas of similar 
quantity and slightly lower quality than is obtained in the distillation of 
high—-rank bituminous bright coals. 


Correlation of the Analysis of Coal with Products of Carbonization 


The proximate analysis is a small-scale carvtonization test that separates 
volatile constituents from solid residue. It was assumed that valuable 
deductions could be made regarding’ comnereial carbonization of coal, by 
correlating the cerdonizing results at different temperatures in-different 
types of retorts with the proximate analysis and.oxygen content. In making 
this study the following questions were to be answered in the correlation of 
experimental carbdonizing results with the analyses of the coals tested: 

1. What constituents of a coal are significant in predicting plant results? 

2. What are the major effects of température, rate of heating, and size of res 
tort on the coke, gas, and byproducts formed when coal is carbonized in 
externally heated retorts? 3. Given a proximate and ultimate analysis, what 
conclusions can be drawn as to the probable results of carbonization? 


The results from carbonizing tests of 125 coals, when correlated with 
the analysis, support tre following conclusions: 


lL. The amount of tar that will form in an externally heated retort is 
directly proportional to tne square of the oxygen-free volatile matter 
contained in the coal charged to the retort and inversely provortional to 
tne absolute temperature of carbonization. The oxygen-free volatile matter 
is defined as the percentage of volatile matter minus percentage of oxygen 
combined with the coczl. It excludes the oxygen in the water. The probable 
tar that will form in the Bureau of Mines—American Gas Association 13-inch 
retort can be exnressed by the following equation: 


Tar-yield, nercent = 10.4 ve /T. 


ee The amount of water that will form during destructive distillation 
at low temeratures is directly proportional to the oxygen content of the 
coal substance raised to the 1.3 power. The average of 100 Jistillations 
in the Fischer retort indicates that the anount of water formed can be ex- 
pressed by the following formula: 


Water formed, percent = 90.35 x oxyrent*? 


3. Heat in gas in B.teu. ner vound of coal is directly proportional 
i the volatile heating value and inversely vroportional to the square root 
r the volatile matter in the coal. The formation of gas at carbonizing 
Berea cee between 500° and 725°C. is proportional to the average absolute 
temperature of the wall of the retort raised to the 3.5 nower. The formation 
of gas at carbonizing temperatures between 725° and 1,100°C. is proportional 


to the souare root of the average absolute temperature of the wall of the 
retort. 


65/ Parry, V. F., Correlation of Analysis of Coal with the Products of 


Carbonization an Externally Yeated Retorts: Bureau of Mines Rept. of In- 
zou vestigations 3482 | 1939, 37 pp. “3 
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The probable vield for verious conditions is expressed by the following 
equations: 


In the temmerature rance 500° to 125°C. 
C,B (1/1000) 4+? 
VV 


Heat in gas, 5.teue cer pound of coal = 


In the temperature range 725° to 100 Cus 


a 
Heat in gas, E.t.u. per pound of coal = coBy 2 


C, and Co are constants associated with the shape and the size of the 
retort and the method of distilletion. For the 13- by 26-inch Bureau of 
Mines-American Gas Association retort, C, = 2.9e and C., = 0.0952; for the 
Fischer assay retort, 0, = 2.573 and for subbituminous coals in continuous 
vertical retorts, C, = 4 0 to 35; for coke ovens, C5 = 0.105. 


T = absolute temperature of carbonization °K, ("C,.4 373). 
B= volatile heating value of the coal = gross B.t.u. per 
pound minus (34,500 x fraction of fixed carbon). 

V = oxygen-free volatile mtter of coal as charged, 
v= percentage volatile of the coal as charged. 


Combustibility of Cole in Air 


A laboratory method and anvzratus for estimating comoustibility has 
been developed, Coarse coke sized between 8- and 10-mesh screen is weighed 
as it burns ard the loss of weight with time is recorded, At 5009C. coals 
and low~temperature cokes burned fairly rapidly and retort cokes moderately, 
but teehive and byproduct cotes burned slowly and clectrode carbon did not 
ignite, At 600°C. retes of comoustion increased considerably, tut the less 
reactive cokes were affected only moderately, At 700° C, all samples except 
electrode carbon burned rapidly. At 900°C. rates of comoustion were still 
more ranid, and all of the cokes burned at more nearly the same rate regard— 
less of methods of manufacture: however, even at this temerature the low- 
temperature cokes burned more rapidly than any of the ee cokes, 
and these in turn burned more rapidly than the electrode carbon. 


Hydrogenation and Liquefaction 


Continuous Hydrogenation of Some Typical North American 
Bituminous, Sudbdituminous and Lignitic Coals 


Descriptions have been published of the Bureau's exmerimental coal- 
hydrogenation plant and of the development of a satisfactory assay 


zane, R. B., and Yancey, E. F., Comoustibility of Cotte in Air: Bureau of 
Mines Rept. of Investigations 3499, 1940, 8 pp. 
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proceduretl/ for determining the ease or hydrogenation of American coals. 
Table 6 contains a summary of yield ae tabd/ on nine coals whose rank ranges 
from high-volatile bituminous to lignite. The last column of table 6 shows 
that with one exception (the Mary Lee coal) there is a steady decrease in 
the yield of oil per ton of coal as mined with decreasing rank, The yield 
of oil ranges from 64 to 31 tons per 109 tons, or 150 to 78 gallons per ton 
of coal as mined, The next to the last column of table 6 shows that this 


decrease in yield of o11 with rank is much more gradual when calculated on 
a moisture-free basis. 


The oils obtained in these assays contain about 20 percent snsoline and 
{0 percent heavier oil distilling from 200° to 330° C. The latter can te 
converted readily into gasoline by well-known procedures that yield about &5 
percent by weight or 100 percent by volume based upon the heavy oil. At 
a later date it is planned to convert all of the higher-boiling fractions 


of the assay oils to gasoline to test the suitability of the latter for use 
as motor fuel, a 


The hydrogen used to produce a ton of oil increases from about 0.12 
ton for bituminous coals to about 0.15 ton for lignites. This increase is 
much smaller than one might have predicted upon considering the oxygen 
content of the original coals. This result apparently is due to removal 
of most of the oxygen as carbon dioxide rather than as water, when the oxygen 
in the coal exceeds 10 percent. 


The methods of chemical analysis eg) characterizing tne products 
of coal hydrogenation have been described, OJ 


Storch, H. H., and Fieldner, A. C., Coal Hydrogenation, Bureau of Mines 
Experimental Plant: Mech. Eng., vol. 61, 1939, pp. 605-611. | 
Hirst, L. L., Hawk, C. 0.,.Sorunk, G. C., Golden, P. L., Pinkel, I. I., 
Boyer, R. L., Schaeffer, J. R., Kallenberger, R. H., Hamilton, H. A., 
and Storch, H. H., Liquid-phase Hydrogenation of Pittsburgh-seam Coals: 
Ind. Eng. Chem., vol. 31, 1939, pp. 869-877. | 
Storch, H. H., and Fieldner, A. (., Hydrogenation and Liquefaction of 
American Coals: West Virginia Univ. Bull. Ser. 40, No. 6 II, Tech. 
Bull. 15, Dec. 1939, poe 99~133. | 
68/ Hirst, L, L., Storch, H. H., Fisher, C. H., Sprunk, G. C, Hydrogenation 
of High-volatile Bituminous Coals. FProximate Analysis and Character- 
| ization of Product: Ind. Eng. Chem., vol. 32, 1940, >o. 864871. 
69/ Fein, M. L., Eisner, A., Cooper, H. M,, and Fisher, C. H., Solubility 


Characteristics of Tars and Pitches Produced dy Goal Hydrogenation: 
Ind. Eng. Chem., anal, ed., vol. 11, 1939, »p. 430— 38. 
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CARBON CONTENT OF COAL OR ANTHRAXYLON, PERCENT (ORY, ASH-FREE BASIS) 
Figure 16.— Percentage of total coal oxygen removed from coals and anthraxylon 
at different rank by hydrogenation. 
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YIELDS OF CARBON MONOXIDE, PHENOLS, AND TOTAL GASES, PERCENT 


Pigure 17.— Yields of pitch, carbon monoxide, total gases, and low-boiling 


phenols produced by hydrogenation at 400° c. (dry, ash-free basis). 
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Batch Hydrogenation in Small Autoclaves 


Erfect of Rank and Petrogranhy 
on Hydrogenation of Coal 


An extensive survey of the effect of rank and type or coal on its 
hydrogenation characteristics was completed, 10/ ™he conclusions reached are 
based on the hydrogenation in small autoclaves of about 130 samles from 
most of the important coal beds of the United States. These samples were 
carefully selected by hand, and thin sections were examined under the micro~ 
scope to determine the relative proportions of opaque and translucent matter. 
This examination constitutes a petrographic analysis of the coal and is re- 
ported as percentage of anthraxylon (the chief constituent of bright coals, | 
translucent in thin section), opaque attritus (coalified plant debris, which 
is opaque in thin section), translucent attritus (coalified plant debris, 
which is translucent in thin section), and fusain (opaque charcoal~like 
fragments). 


The results of tests of anthraxylon and translucent attritus showed that 
except for those samples containing more than 89 percent carbon these con- 
stituents liouefy readily and almost completely. This covers a wide range of 
rank and includes peat, brown coal, lignite, subbituminous coal, and most of 
the high-volatile bituminous coals. The hicher-raniz anthraxylons gradually 
become more resistant to liquefaction as the carbon content increases, and 
there is no sharp boundary between those that give a high liquefaction yleld 
and those that are relatively inert to hydrozenation, 


The low-rank samples are more sensitive to experimental conditions than 
the bituminous coals. In general, it was found desiravle to conduct the 


{O/ Fisher, C. E., Sprunk, G, C., Eisner, A., Clarke, L., and Storch, H. 4., 
Hydrogenation of Anthraxylon from Bituminous Coals: Fuel, vol. 18, 1939, 
pp. 196-203, 

Fisher, C. H., Spzunk, G. C., Eisner, A., Clarke, L., and Storch, H. H., 
ivdro genation or the Banded Constituents of Coal. 7 - 
Attrital Matter and Anthraxylons: Ind. Enz. Chen., vole 31, 1939 , pn 01155-1161, 

Eisner, A., Sprunk, G. C., Clarke, L., Fisher, 0, H., and Storch, 4. H., 
a | Se aa of Typical Splint boals: Ind. Eng, Chem,, vol. 32, 1940, 
DP» e 

Bisner, A., Sprunk, G. C., Clarke, L., Fein, M. L., Fisher, C. H., and 
Storch, H. H,, Hydrogenation and Petrography orf Some Low-rank Coals from 
Western United States: Bureau of Mines Rept. of Investigations 3498, 
1940, 21 vp. 

Fisher, 0. H., Sprunk, G. C., Eisner, A., Clarke, L., Fein, M. L., and 
Storch, H. H., Aydrogenation of Cannel Coals and Their Petrographic 
Constituents: Fuel,vol. 19, 1940, po, e4-29, 110-118. 

Fisher, C. H., Sprunk, CG. C., Eisner, A., Fein, M. L., and Storch, H. #., 
Hydrogenation and Petrograrhy of Lignites, Subbituninous Coals, and 
Bituminous Coals from North Dakota, Wyoming, Utah, and Montana: Fuel, 
vol. 19, 1940, ov. 186-195, 

Fisher, C. H., Sprunk, G. C., Hisner, A., Clare, L., Fein, MH. L., and 
Storch, H, H., Hydrosenation of anthraxylon (vitrain) from Peat, 3rown. 
Coal, Lignite, Suboituminous Coal, Bituminous Coal, and Anthracite. The 
Effect of Rank in Coal Eydrogenation: Fuel, vol. 1°, 1940, op. 132-138. 
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experiments with subbituminous aud limmitic coals at higher pressures and 
lower temperatures than those used for the higher-rank coals. 


A study of splint coals coutainine appreciatle amounts of opaque at- 
tritus shows that from HO to 80 nercent of the opaque matter liquefies. The 
degree of liquefaction is roughly provortional to the opacity. Hydrogena- 
tion of hand=picked fusain (present in most coals to the extent of 2 to 10 
percent) shows that 5 to 30 nercent of such fusain will liquefy upon hy- 
drogenation. | 


Snores, resins, and oil algae found in cannel coals in appreciable 
quantity are readily liquefied under mild hydrogenating conditions. The 
products obtained from these constituents have a greater percentage of sat- 
urated hydrocarbons than those odtained from bright coals. . 


The yield of residue from hydrogenation of coal can be estimated from 
the carbon content for coals of the sane troec (that is, oredominantly bright, 
cannel, or eplint). When different types are involved it is best to use the 
petrographic composition for such estimates, 


Rates and Mechanisms of Coal-hydrovenstion 
Reactions: Effect of Rank 


The rates of consumption of hydrogen, removal of oxygen, and liquefaction 
of one coal as a function of temperature have been measured, and the importari 
coal-hydrogenation ra na ae were roughly separated and described by an 
analysis of such data.t+~“ This work hes veen extended to include the effect 
of rank of coal on the rates of these reactions,/&/ One bright coal, five 
anthraxylons that contained 5 to 20 percent oxygen, a low-volatile bituminous 
coal, a-brown coal, peat, lignin, and cellulese were hydrcegerated to de- 
‘termine the effect of rank, Although the oxygen ranged from 2,5 to 49 percent 
there were only small differences in vate cf consumption of hydrogen. The 
rate of consumption was greater for the samples of higher rank, 


Most of the oxygen was rémoved in the first few hours of hydrogenation. 
The remaining 10 to 4o percent, which was eliminated at a much slower and ap- 
proximately constant rate, avparently is considerably more stable than that 
initially removed. The rvactive oxygen, indicated from the data on removal 
of oxygen, ranges from about C4 percent for peat to about 60 percent for 
intermeciate- and low-vclatile bituminous coals, By plotting the percentage 
or reactive oxyzen against the carbon of the coal, a curve was obtained 
(fig. 16) that can be used to estimate the reactive oxygen of vright coals of 
any rank, : 


1/ Storch, H. H., Fisher, C. H., Hisner, A., and Clarke, L., Kinetics of 
Hydrogen Consumption, Oxygen Removal, and Liquefaction {n the lS ce 
tion of Pittsburgh-seam Coal: Ind. Eng. Chem., vol. 32, 1940, pp. 3 6-353. 

Storch, H. H., Contact Catal:sis in the Hydrogenation of Coal, Coal Tar, 
_and Oils leth Report of the Committee on Catalysis, 15940 , pp. 82-92, . 
. John Wiley & Sons, Inc., New York. ae 
72/ Fisher, C, H., Hisner, A., Clarke, L., Fein, 4. L., and Storch, H. H., 
Kinetics of Hydrogen Consumption, Oxyzen Resoval, and Liquefaction in 
Coal Hydrogenation. Effect of Rank: Fuel, vol, 19, 1940, pp. 13-16, 
51-55, 67-69, | 
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The yield of pitch, carbon monoxide, total gases, and low-solling 
phenols as a function of the carbon of the coal is shown in fisure 17. 
The yield of pitch increased with increase in carbon (used as an index of 
rank) of the sample hydrozenated. The yield of phenols boiling at below 220°C =. 
increased with cardon in the coal to about 65 percent carbon and then de- 
creased. Cellulose gave moderate and lignin high yields of low-boiliug phenols, 
The ylelds of water, total gases, carbon monoxide, and carbon dioxide de- 
creased with increase in carbon, 


Hydrogenation of Banded Constituents of 
High-Splint Coal - 


In cooperation with The Pennsylvania State College petrogrephic analysis 
was made of a columnar section from the High Splint bed in Harlan County, Ky. 
and samples of the banded constituents were prepared for batch hydrogenation, 13/ 
For the various fractions of the High Splint coal a straight-line relation- 
ship appears to exist between the residue from hydrogenation and the opaque 
attritus. A similar relationship has previously been esteblished for a series 
of fractions from the Pittsburgh bed of the same rank, The slope of this 
line for fractions from the High Splint bed was greater, indicating a higher 
proportion of liqueraction~resistant opaque matter in this coal. Higher 
yields of gas were obtained from the High Splint than from the Pittsburgh 
coal. 


Continuous Hydrogenation of High-temperature 
Byproduct Coke-oven Tar 


The experiments on hydrogenation of tar were mde in cooperation with 
the Jones & Laughlin Steel Corporation of Pittsourgh. The objective of this 
work was to determine the optimum conditions, yields, and character of 
products obtainable by the destructive hydrosenation of high-temperature, 
byproduct coke-oven tar. 


Some preliminary esperiments were made in a small autoclave to test a 
number of catalysts. The latter consist of small amounts of materials that 
markedly expedite the hydrogenation action, For this work on tar hydrogena- 
tion 0,05 percent of iodoform was used as a catalyst. The nlart tests showed 
that it was necessary to use two phases or stages of hydrogenevsion. in the 
first or licuid-phase stage the original tar is mixed with 0.05 percent 
lodoform and the mixture pumped, with hydrogen, into a heated high-pressure 
reaction vessel or converter, In the second or vanor-phase stage the oll 
product from the first stage is vaporized in a stream of hydrogen, and the 
vapors passed throvch a body of catalyst particles cousisting of granules of 
alumina gel impregnated with 25 percent of their weight of ammonium 
molybdate. The over-all vield of oils’ boiling in the gasoline range was 68 
percent by weight, or 97 percent by volume of the original tar. Chemical 
analysis of these oils showed that they should’ be useful as solvents in the 
paint and varnish iadustries. | 


Wright, ©. C., ard Sprmmk, G, 0., Hydrogenation of the Petecgsr-puie Con- 
stituents of High Splint Seam Coal: Pennsylvania State Coll. Min. Ind. 
Exp. Sta, Bull. 28, 1939, 23 vp. 
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Go.soline Substitutes From Coal 


Technologic and_egonomic phases of the production of motor fuel fron 
coal were discussea.lt/ Benzol obtained as a byprocuct in the manufacture 
or coke is used.as a motor fuel, The total nossible yield of benzol fron 
the coal made into enke in the United States in 1937 would have replaced ¢,j 
percent of the 24 billion gallons of gasoline produced that year. If all 3? 
the UYO million tons of tituminous coal mined in the United States in 1937 7: 
been put through byproduct ovens (thet is high-temperature carbonization) th: 
benzol obtained would have been equivalent to only 4,6 percent of the ga:zo- 
line produced from petroleum. By low-temmerature cardonization of 100 milli: 
tons of bituminous coal 1,000 million gallons of motor fuel, or about le cer- 
cent of the gasoline, coule have been produced. 


Motor fuel can be produced from cozl by hydrogenation or by synthesis 2 
an estimated cost of 15 to 18 cents a gellon; thereZorc, the cost to the 
consumer would be materially higher ther the cost or gasoline obtained frez 
petroleum. lLarge-scele hydrogenation ot coal in the United States would re- 
guire an extended period of research on our particular coals to determine 
which coals would give the best yields and which locations would vrove most 
economically desirable. In almost all foreign instences of manufacture cf 
motor fuel from coal at present the operation is aiced by direct subsidy cr 
tr prefcrence, such as remission of taxes imposed on motor fuels. 


747 Fieldner, A. C., Davis, J. D., and Storch, H. #., Gasoline Substitutes 
from Coal: Hearing before a Subcommittee of the Committee on Interstate 
and Foreign Commerce, House of EKepresentatives, Seventy—Sixth Conerecs, 
on H, Res. 290 and H. R. 7372, to promote the conservation of petrole} 
to provide for cooneration with the States in rreventing the waste of 
petroleum; to create an office of petroleum conservation: to amend the 
act of February 2P, 1935, as amended: and for other vurposes, pp. 277-C5- 
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